; PQRSe3e: 3: 0. 6PT| WO (12/0599a0 REDUCTI ON OF DAMAGE | N SEM CONDUCTOR 2,
CONTAI NER CAPACI TORS 5 TECHNI CAL FI ELD OF THE | NVENTI ON The present -
i nventi onwiogakssy general ly to devel opnent of seniconductgFTﬁ%nbgkﬂgr 10 | ~
20 25 30 structures and in particular to the devel opnment of sem conduct or
contai ner capacitor structures in conjynction with a diffusion barrier

| ayer overlying a surrounding insulating |ayer and to maki ng use
of such contai ner capacitor structures. BACKGRELMEﬂWﬂW@ﬂﬁ@ | ON Many

el ectronic systens include a nenory device, such a ndom Access
Menory (DRAM), to store data. A typical DRAM i ncludes &a®&fray of nenory

cells. Each nenory cell inc 6 %J 8 L&l? {ngtores the data in the
cell and a transi storsyzte,\/ﬁl Eﬁi , QQ@RO((%E ggﬁ\, e capacitor
i ncl udes two conducti ’S‘?Qt . B 9 citor is

~typitally shared, or common, with each of the other capacitors. The charge
stored across the CapaofE@HNl%AEWIEE%FtTHE INVENEROR Dit and can be
either a high voltage or a ow voltage. Data can be either stored in the
menory cel | s Therpresgneinveiition refatbs gemsralifatoadenelppinent atseingspadudtorgrontaner menor y
cells durin% a read node Th@ﬁd t“g is transmtted on sjgnal Iijge_s, referred
to as biYUERHRSsandJRPARICHS i, pﬁé OP’B“?%E&W“SBE‘ OrCPPEHY FHEE Phr ough
transi st QRS caSjusMohGhitNg dBRM I n@Rarricl YBjef Bhdriind 9EureamAi ihsuddtingdat a
stored, its true logic state is available on an |/Oline and its

compd enelayarapd togirarausameking usevel suahkentaineiznapai@r sawvesent |ine. The
menory cells are typically arranged in an array and each cell has an
address identifying its location in the array. The array includes a
configuration of interse®AQKGROUND OETHEBSVENTIONOry cells are
associated with the intersections of the lines. hi order to read from or
wite to a cdMiany elneirqnag systemsanclEas p memogy e8¢ Suehasta Brnaaic Bapdem or

addr essegq, r r. the egt \B: I '

o anar o peel IR O3RN e PR BB AR AM L RREESEIER o B B e,

access CEdchuhdmyryasll inthides a@apieitdr thangored [t daed iachecklMbrdch framBtaachdtvat es
t he access transistors for _each of the nenory cells in communicatiopn wth

y .
the sel eRWEAlSASFES 9 e daianThegparde l’ﬂﬂu‘é%éwaéewﬁﬂvﬁB]%TQ%@P@%? Lol um
access CLlfhbdYors lt)ﬁﬁ%eﬁ]g%hg‘ea, o R P ik e}[a@t?gf PP SFRE b%cit&@.eﬂ%eéh‘ﬁ%ed

word |ine activates ccess transistors for a given word |ine address,
and dat astbed laetoshid capcttheis sgiresenedivbbf a Hatabit ahd aowbe &ither WDighI A0 950

PCT/ U801(9801 3 As DRAMs increase in nenory cell density, there is a

cont i nui 17§ ¥H%¥EF-enge to maintain sufficiently high storage capacitance
desppt e decr epgiRgn BEERECY skBdd inShe ey bR JAGAL ARARY nitde CARRAG by bsur f ace
area, since capacitance is a function of surface area. Additionally, there

i s a contetnnayied drogodk memdry celifeduringcr iead mode nideydatads fraggmigted an piepaldingg|

h [ I | 1 ' ' .cel L
Feenn quetchea]E R PRUAR S AERPGALA PRl ML RO TUER Bl Ml pred

as trenchesviehipt®eked TopRaly tfor sachGitfeatisisted, dsmheflogit ackeid acapdiz dnor
structure is a cylindrical container stacked capacitor, with a container
st ruct ur @ Yorierigd i somplemshiapy g Bate sy adale on 28O 1R RBEtHEEnod of

ea8RS] 09 o the BRRBH LARGR: bFicI Akl ifal Alu Pind kAN RIARLRIEE 10

materials suc eri ai n polysilicon whi ch 1 ncrease
avai | abl glestifiyiracies lacai@nfio thezargiyyEhe drontinpindesta duéigtmtiphef intersasghgned or

irregul ar surfaces. Additional. approaches to jncreasi.ng cell .capacitance
my ol GREOFRRIGIengnd RETERY EeBeaapoiteg vePd b BT R Pdy EF e g d
capaci t Ofy re QP 61 dr Wiiitd €0 8841 WRSEAHic A UehiiNGhestibh UalstbESe 140, oPRIdi@ksERd 1 n
closer proximty to 15 ne!gdgzgqtion ng container structures. At close

proxi m t Fhe eddressifosthe beleat | is geprossnigdbyonput signalsdo po addiassglegedes. Iof

dj | | ' : ' havi r h [
S0 a0t or mSPuee R MR el s EPER Y Fhht i RS A R e T Beliflr

unabl e t QoACHAY iihids BleQEessl@hmsistbBIfol dheh bE BRanEnGlyakRdinadudviuniedtidnivdth

ot her reasons stated below that wi |l becone apparent ‘téﬁ t hose skilled in
the art thsoaleptedayod lingdn (esaeRsetia Hef drgodadeeobpnm adrress perlinp AsSHHICHY t her e
is a neeq] tef.Qr i ] : i LebQr
structur gesl!e%sh %Bﬁé@%o@gg 5?éacfp(5rﬂ§%ﬂﬁl, e selelkg %ﬁﬁ(‘/ﬁ%&éctﬁ%g HefebesS ARAGHER

Cl ng sane.

fora given word line addres, and dat s ltched o the seected bitline.
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Sem conduct or contai ner capacitor structures having a diffusion barrier
| ayer to 25 reduce danage of the bottomcell plate and any underlyi ng
transi st species diffused through the surroundi ng ippsHlsaikdRe
naterialoé$%h8§%éribed herein. The diffusion barrier Iayechgﬁ 6?ot%ct t he
bottomcel |l plate, any underlying access transistor and even the surface of
the surrounding insulating |layer during processing including pre-treatnent,
formation and posttreatment of the capacitor dielectric layer. The
di f fusi on barsiRRAMsayiecreasehn bietorprell daueitig she30 isch ¢dnnisiimg chillewpeti es t hat
may cause.damage to the bottomplate or an underlying transistor,.such as
A R M A B R SR e A TR
undesi r ablogRRGRE @apackBEfirfte hlcHAihdRRapRNhAICNS BIuRdiRa 08 SuiPice area.
chlorine-containing species. The diffusion barrier layer is forned separate
from t heAdditpmelly,sherdiised eqttinbing| gapkio furlldr se¢raaseimermersell izani ng of  V1' O

02/ (1; 9950 PGTI USO1/S11Q03 the di el ic lLayer. i ic |
need ot pr o) PSR ROBOR g G bt atier e B mbet s M TG ceu Yo

layer i fechiiqled. 8GéN tebRiigSesh@h&s iheRRBMERAGE cMBLAIRSItEOf sudh gi v@RhePPaci t or
surface area. For one enbodi nent, the invention provides a sem conductor

cont ai nefackedrapiaiOrs. HstoogERasy M Ph slagkedi CABATAQE BIHICIES it Af Yldries sapietnst
structurg jncl ude ot tom eF | i ' I Losed bottom
o o conraraiebidRe AR MRERLReREE o AP bARIR Ale Be BBl RE®C 2

def i ned Anotter sietHodwTdndrgasinsdellabpagah@yie throdghahs tsaicthigleswfact-archur t her
includes a dielectric |ayer overlying the bottom plate and _a top _plate

ovel yi mppterds fich ag Bemjsphengaberaimplysicand B hiek Hereapsiay Al sSUTHes f usi on
barrier |ay : | ; i QP; . it h

msul at a7 BIYEE T BinPlyg Ge AuBRNLA B eufly SHEBE RIS, ey
may be itoirerqasiagdelb espretmdce meayipplede sduding theahickiness iofithel datleatge laggrenf thand
dielectrig¢ |layer or interposed between the dielectric |layer and the top
plate. K& °®¥Pt her enbodi ment, the diffusion barrier layer contains a

si | i con- basedR}i&idedeerehX, &)tnkéixlner‘;%ffﬁét&% nﬁl@plﬁfoi‘fﬁ@ﬂ f clbdee Pﬁ’)‘xfrﬁi%@!oon

barrier layer contains a material having a diffusion rate for one or nore

oxy ifen- aeighbonmgieprspagisesctulds. Aydosrgmoxiont edrainngt bpabert, avoid shorting the

fluorine-containin eci es andlor chl orine-containi.n pecies that is

| ower ¢ FROR THIPT A G ERLAD PBITOt RPN de TR BN Pa P Rear g Sy er
For anotigrre R dbfBitve mbRiGry AVIENsitRcdlk @il B8 Sinabls ehdeandiIg tiofe dagNt ai ner
capacitor structure. The structures includes a container hole having

si dewal | s, afosphercesps satdabeyeo sedifdethen masqisstaehbelow that yalhheqomeof t he
cont ai neyr ANl i I L l o wher ei n
the. opertPensn Sy e SR A e o LA Bk M s P R

i nspo at i there iscyeged i e &t foraltematielseiendudiol cotednar chpacitor stlarduestande | ayer
overlying the sidewalls and cl osed bottom of the container hole and a

di f f usi gRetBedSAf @FoquetgSaBiger | yi ng the upper surface of the insul ating

| ayer. The structure still further includes a dielectric |ayer overlying
the first conductive |ayer and the diffusion barrier |layer and a second
conductive | ayer 25 overlying the SWMMARYc |ayer. A mpjority of the

surface area pof .the first conducti.ve |ayer is.substantiall evoj d of the
di f fusi on barq%f“ﬂfoq%gﬁtéf ?Olﬁﬁlpeﬂ/cé‘faﬂf?éf% urgﬂh%vd?%%ﬁifﬁlsf%e ailjﬁvg'ﬁ'te f&h provides
a seqn coRaneldamagobt fik BoftomaLBPldt@indSdnyWatied Hng Thfsibr ehuperidseifidas a
cont ai ner hol e having sidewalls, an open to% and a cl osed bottom The

1

si dewal | thraygh thessusonnding énsulagng makesiabiare idagsaibpy bereyur theuhtfsign bavgen laysing
can protect the bottom cell plate, any underlying access transistor and even the surface of the
surrounding insulating layer during processing including pre-treatment, formation and post-
treatment of the capacitor dielectric layer. The diffusion barrier layer inhibits or impedes
30 diffusion of species that may cause damage to the bottom plate or an underlying transistor,
such as oxygen-containing species, hydrogen-containing species and/or other undesirable
species, such as fluorine-containing species or chlorine-containing species. The diffusion

barrier layer is formed separate from the capacitor dielectric layer. This facilitates thinning of



30 layer and the open top of the container hole is defined by an upper
surface of the insulating |ayer. The structure further includes a first
conduct i Vg d @Y RbespVver! ying the sidewal k and cl osed bott ompeh tdiEsfent ai ner
hole and a dielectric layer overlying the first conductive layer and the
upper surface of the insulating |ayer. gThe structure still further includes
a diffusion V1'O (12/11S9~I5(1 PCTILISU/s(1G03 4 barrier |ayer overlying
a first portion of the dielectric |ayer overlying the upper surface of the
i nsul at i thgdledaeeic lapet as dediclgetaic davienneddigt purvidegncly fliffusiondirelfeeidan i ¢ | ayer

substantjal ly uncovered by the diffusjon barrier layer . The repgaining
_portion lmﬂlﬁé Ogﬁ'lgl‘ﬁ%‘??"il%Yqyg’ylgrmlinrfé‘?lm?gess iy ‘ﬁfﬁia&;ﬁ“ﬁé;% VBIY K8 2R Pace. area
of the digh@ikhGadeay&@r . The structure still further 5 includes a second
conductive |layer overlying the diffusion barrier |ayer and the renaining
_portion of t heordinglegtbodinent. dieeinverrinm peyifes ayeatiprdueloh ool tHask CapaHer

i nveption_provides _a.sem conduct or co i ner I
sty et ur e RHer e B RIS B R cEA LS SR REReRr LR B Sl
pol ysi | | @wdlR and @eisad Beorh of & comhiaesiiole, ieraio ieaideavallhof hehastagiedbulal | s,
an open top and a 10 cl osed bottom The sidewalls of the cont aicﬂglr hol e are

def i ned g dafises by suToygding draulating davieaylde synefurestilldpeheripgudss a HeleetHht ai ner
hole is j 1k, i ) cture
further e QALY GYRARRPR AT, laid Voo I h 2N R T Gnshhe 1 1

t he i nsufuathen@chidyes didfngioa bpatet layar oferlyives dtdgest a pdrticwntla suriface lof thetoped

hem spheri cal -grain polysjlicon. Th jthr l.chC ure still further .includes a
secdfd | aywpting lagen adgsantipe ??’Ei*én?frhoﬁ% £ dpEysiopeapLisrdayes mayhe IpIGPASE] 1 i de
and a repni,ni ' the: Qtd 2 d

ner sphert Aol BF QPR pol o 11 o Yie SRR P AaPREo e,

| ayer of thedindleattic layeyahdphatopqilateiHar adnrtioar entbedigesnonbe didfpsiondarrir fayebn

nitride. For. yet. .anot her, enbodi nment., .the i nyention provi.des .a _nethod of
for m ne. SoCHRY & SHBUPHEd s oy s i AR e RR B rET BeE R o1
conduct i ¥ hifty & nafR hé’\jil a dfruSiod eXvelfbSor@ns ndore bRyped-JaatainAg efecscont ai ner

{
hol e, wherein the sidewalls of the container hole are defined by a |
sur rlsundhydgogensedngaining spepjesr fluciing-dontaing Seectis nd(or eHoBRg-¢ordpiningpaecies

el utiestPER I RG et BEREn e B S Au Y peo ReTRIIC e 1 ayer

and the diff upbommoar emBbdihRYE thediRderftiohPirogdea aseantuhdoantemitaive dapyodior
overlying the dielectric layer. For further enbodinents, the nethod

i ncl udesstestrsy Fangrustua elidpomcaupipsiiols bydpe dfevallyi & erapriPR afht elPpes)

havi ng abgﬁér{ﬂ%é}&nﬁﬁé §adPs VNP G ALY NOaSRRALSS iiBhndifg LRWRIng han a
diffusion rate for the oxygen-contal ning species thfough the Tnsul ating

| aye. Foayesird whéreinttheopearrbpdf tre kbstainehizolmixt dedided hy kudpgerfsorfaderny thae

di ffusion barrier |ayer of a dielectric terial haying a di.ffusion rate
For " hyar Sseainh gver SHE sk e G a B PadierSIoRD aftsGae TR ERuRf he

i nsul at i Bgy LRYET botfoR ofSthé bontdiHEHORE arta GiRIRGHSh BRAHES laytheveBiidate upsdrudes
formng the diffusion barrier layer overlying and adjoi ning the upper
surface etfirfadeefithesiobuatinggayesyBire sirpgivre piithBytheviaelngesaydigleatrindpysitioVeigyiBE f i r st
portion gof the first conductive,. e erej. I.nE NG jon of the
first coﬂlﬁﬁ:’ﬂ ?Pé’d}l%fﬁ/‘g(riaxeﬁé?éj{ éesd lflgﬁxn%rj{%arr%{}?ry]agéf] Q‘P éug%%(irjoﬁgggg&%?l élg?arg%} the first
conduct i veedi@iethe dielddtriOldyy. Sty HGRé kifiPck Stdals SheSilsoconainodtedayer is

enbodi nent, the invention provides a method of form ng a sem conduct or
capaci t osubspnialedewad phie gf8siahamierda¥ery ayer of conducti vel y- doped

hem spheri cal ' LYShhdE [ [ 9l EmicONBE8bMchBgnesONt ai ner
hol e has si deV\-E/%F ?%tflmgﬁxe%%{élhdc{hglgntéﬁlgE}g\‘fe@%gggﬁgdg? t osm 1CThe sidewal I's of the
cont ai nekcapweiter anendefTheadubiyreanSudes a curednardolertmuinagtsidegvallayasropantbrt 41d open

t f th i hol e is defined b . f f the.i | ati
Layer. TREIHEH HORORUFRTESEAS L dedoptrity REle™ Seed Pagarn grdind imsBAtht' 1 de
on the URRRE afdfHedpEn Rﬂcé) Jelee é.hd?xﬁi'llléﬂlioﬁ_ﬁs et &dd B Lﬁ»lpf:i. dustac®Of the Akubiing he

| ayer of conductively-doped hem spherical -grain polysilicon and formng a
second | agyer. Bfe siutiupofurthen inglydesonfitsheoridpetsie lpyey oveibing thej sidsyals epd de and a

remai ni n ortion of the |ayer .of ' uctivel y- ] f -grain
ol ysi |1 cRed beEnae s Sabhe bl apd d FAREHE U ERRE REL RGN Bler
conduct i \gh YhelaRResualcy si leamlHing iHer SEeandchaysil fofihaiihéladss adiffoside.

Furt her enbodi nents of the invention include sem conductor container
capacitor structures and nethods of varying scope, as well as apparatus and
systens nmaki ng use of such sem conductor contai ner capacitor structures and
met hods. 15 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a top view of a
menory array |ayout in accordance with an enbodi nent of the invention.

S ”~ A o o " o Y N .



20 form ng a container capacitor structure in accordance wth an enbodi nent
of the invention. Figures 21-2J are cross-sectional views of a substrate
during vayiQBnssisgges of forming a container capacitor st gl Bsdels
accordance w th anot her enbodi nent of the invention. Figure 3 is a
sinplified block diagramof an integrajed circuit nmenory device in
accordance wth an enbodi nent of the invention. 25 DETAILED DESCRI PTION In
the follow ng detail ed description of the present enbodinents, reference is
made t o baiier Ryeoved ipigradfirgr postiog of thadiclecoinipzerpaetlying totppeastdliace olbiech i s

ade ¢ 0 belter Bycomayieng i eadingS! Bhdicliiainersaetyig leomRPeaialER O
oy Do SrAARE eyt LG BaBBER ol Ty B ABE gl Nl liSy ol “Getar

" to enabhgcdvbRa®yské HifRdionalhie 18t THe rehfiatngg@rtidieof th éildcafttlagend it is to
be under st ood tf){at ot her enbodi nents may be utilized and that process,

el ect ri degludss thesatianived|the siafige sreawy theelisiemdc lyendbe saegiretstiHgithesm t he

SCco of. 1 re t. 1NV | - 1 : fenr. q - Lh the
Fol Fow i BB BoFRR o dUEamt Bl o Oirk i B RieBin s AR CREIFERRIES Lace
sem congugioarof sierdigltetrie layexanpl es i ncl ude silicon-on-sapphire (SQC5)
technol ogy, silicon-on-insul ator ég_o) technal,ogy, thin filmtransistor

(TFT) t echnoFersiill awHes cobadimab BNy o’ PRRids ; semigonduglor GINgicTar s of a

silicon r ’ US( kplRsicAt 18
R L
Fur t her potysilicedhar caft@anarioge, ivdienaa tetcontaimeahele hos sidesbalisy am epdnriop hed a

foll ow ng descriptijion,. previouys process steps_.my. have been utilized to
forH red %?%V’?t[ﬂ’i‘éﬁh@ﬁédeg"ﬁﬁ? HgH’EzfQBtag’QHK_HB ﬁ&f@ﬁ”&?gy Plﬁ'&’?ﬁ‘f@,‘ngaﬂﬂﬁﬂ?tﬁ@ terns
waf er angl.s WRFHE 8p&n b@@f‘t‘l@cén!fh‘%néﬂ@%rié WM d RV e PR AL bN@e e ting

regi ons/junctions. The followng detailed description is, therefore, not to

be t akerayen Bhelsirngtvierfyribemisepdesufitshieyaedsdicon nitride pr Bamppel siviaes ¢fohei s

defined.only by the 10 appended .cl ai nd.equival ents thereof. Figure 1 is
a top vi'® %ngaYﬁb%Cﬂ@P%ﬁBay?ﬁEMﬁf Opﬁonggﬁt&eg%ﬁ%%edﬁ\}efﬁs%ll]ﬁng%a|nrrent of the
i nvent i QRjysitieen. "BRREYic@Ed @M1 fulGEUEES &N cabmEhy&alalicbR hitBaBd thedRyd s 100

formed overlying active areas 108. Active areas 108 are separated by field

i solat i dayer ebsibenn mitrids. andatrpmainingepostiarod thekryes eff epniu@ivabi-éareflegi ons 110
are forned.on a [ ) . . i Ab.al ner
capaci tg}% mi?ﬁerécﬁg%gazﬁ E@E’glggmf'r@%gslﬂggg}r&mmgﬁ%%éécg‘gdétsg gg ??? 8&@@5{?\% ned by
a word Idoped pl§sibdrsh diathe 8edont $dyes ofiiemdiiwide. r egi on associated with the
cont ai ner capacitor 114 and a second source/drain regci}o associated with a
bit Iine contigepetppothepempediment e 1ByHLig REYVIdES FABFIES OUPAMNE % or med i n

conj unctg, o\q'%égo&agsénfousmm BAbA IrfeTudb &¥phirfSa ﬂ@%@&ﬂa@@@mﬁ?@weﬂﬁg The
menory cells ar arrangea substantially Tn rows and col ums.” Shown in
Fi g20 e Isidemallpend a deseddfottompoicotamaiser hoORAwWAaktin b2 BideBelhaipkthe coritainer s 104A

d 104B | d i I 10 d 102B . ively., Bit |i
T0an cout agineg barpron e MR ERod MR AU BNl 0B RRRRF SRS 1127
Vor d |1 ngsiphOetrafdofll Bisalafink Wyeh Ghe GRiIERrther iROLEsIBENRE adlidléatae ar eas
108, with word |lines 106A coupled to active areas 108 in colums 25 102A

and wor daydr peerlyios Bedusisionductiyedever vrd te diffusigebarrierdayas g fam 2 sasendwor d

i 06 d 10 | ed - ' | hng - Lon,
gencr al 15T RESE TR BF ol TR FE fRntrbritchnl, SR RHIDR AR O

ar ché t ecforthigiasliffedidn Katenlaiér dffaalieledid oratepial having adiffusphante dansdiygercat i on
of menory cells 100. Figures 2A-2H depict fabrication of a portion of the

menmory  dewiEngFperieg thas Islopsr Bign aciidisipndae 1or 1 BHECTsFRHPIESPCHT t he
| nventi of, &Jgh i AfeA @ BoriRYS RS ChivBBfhentd, B¥SmMEBKE Thchld@Nrinilier A- A of

Figure 1 I'ng vari ods processing stages. In Figure 2A, field isdlation
" regi ons diffGsien barfier lagel afra dielsctbis tradrial ROSng Sdifbisramt reteX0Bh yrggeneha isi | i con

?ggf;{ iage’wers tLi!l(e:erl] a derssidh rta}épf%r H%}ggéry t%}o%lg ithneemglhlltimcg rzllyesr. osrt srti?ltfgr'thelii el d

. 30 embodiments, the method includes forming the diffusion barrier layer overlying and
adjoining the upper surface of the insulating layer and further overlying and adjoining a first
portion of the first conductive layer, wherein the remaining portion of the first conductive

layer includes a majority of the surface area of the first conductive layer.



V1' O 02/ 1159950 PCT/US(11/S01113 7 regions 110 are generally fornmed of an

i nsul ator or dielectric material, such as silicon oxides (Si0 / SiO-),
silicon nitrides.(SINI1 Si~N1 Si3N:~) and silicon oxynitrj 1O N~ ).
For this {ev:g[)()zglb%(r'lt field isolation regions 110 are for nepgqgfsng/ia}('%on

di oxi de such as by conventional | ocal gxi dation of silicon (LOCOS) which
creates substantially planar regions 57of oxide on the substrate surface.
Active areas 108 are those areas not covered by the field isolation regions
110 on subst IRf enAR&-enTodikdeaht mivendort prevideeh hetlmdlcdforoming egi ons 110 i's
preceded or followed by the formation oé}ia,gate diﬁgl ectri.c l%ﬁr 212. For
this entsonicondectorpapeci@r.alhsapethed nglpdes rmingaa layenpl cRRUGVE SRR 1 i con

" di oxide, but K may be.o r..di el e e ' - j ISk BhHsi@wHhROWN i N
the art Petrag el PRGSO ELEF AR Ep AR WA IR ChARE: RAL Bl ege A g
~gate di ghepbh kdp dmyedlos2d Bottemf ThetidowBud thevm@ineintopeld ayatefingdlbysi | i con

| ayer 216, ]z;mjgate barrier |ayer 218, aﬁggte condugtorﬁ/\izﬁ/er 22210,u a.gate cap
| ayer 23prapniipainsulapng Byer adiheeRenitgp AbRe GO AHIFREQIE 145 néfd BYRA PR he art .

Gate b arshtf?&e SN Instthin Wfr\?\% h?nﬁﬁéotﬁl fufhdrihd8desTohinga firbtigyel bikificén | de

(TiN) or tungsten nitride te conductor layer 220 may be any
conduct inigidomnehé appeamatfics of Beiinerasingi lmypr pnda fisst 2oTtHNCEH thaslayeidst en” (W .

Gate cap layer 222 is . oftepn silicon_nit.ride il e gat r 14 _are
gener al |6Pngfcty efﬁ-icrpéa H’F?lbgpﬁ%ﬂcé‘l'g‘fflm E(E}é(ﬂ{l%%n %q\é{{}:orcn g‘ﬁl g %xs ?%%@qgﬁr ;%(1; (g)lﬂljé%r?t ri de
and si| Brgmae%wﬂé tifd B8 er JNGidoRNGGAEL REA h P4RAiBing POrURALdS Biclagkrtad f or m wor d
lines 1 as gates for field-effect transistors (FET) as the access

transi standuafveiyhdoped Momyspbeidat graimpolysiieen- dde ogrstilfarthgsriaclpisses 106 are

illustrative only. As a further exanpl.e.. t ' : t.he:qord 20
i nes. 108y 4 Ak goRelY AP B e Bionicttng R Eh Uit Bilan igided

pol ysi li con | aygler eBEdifRhAlT t@f incdtiofiintudeGe)nicondbetbt cqn@dper dapéiaiioum (Hf ),
nol ybdenum (M), niobium (1 'b), tantalum (Ta), titanium (Ti)., tungsten
(W, vansmicomedgndanethedsraf aTviRg $2ps- aér\@“g?éﬁépadﬁwavfg%yémsz@ BEY%r act ory
metals. Qxher constructi ' wel | known in the art
and genesruﬁ Isef/mfcﬁ)(u,ﬁ'llijc elcz(am{g%a éE%aglc Sg?k%]%%géqﬁéﬁd%bonducti ve | ayers
ovenkying a gate 25 dielectric layer, with the sidewalls and top of the

gate stack insulated wi th dielectr.i 8 j (Ic’j ain regions 228 and
229 are formed in the &E&E-EQF@C@?@@ ys @‘f‘gﬁ 'se dopi ng of the
substrate 205kghRe: AGLbY Siedl SR S USR POl Withbilchbgiiavat 325

and 229 as wel1®° as the cthannel regions Between the first source/drain
regi ons he8nwmtionhe second source/drain region 229. 30 Source/drain regions

228 and 229 have a conductivity t opposite th ubst or a
p-type substr gtgé‘fes%ggé‘fﬁ?rﬁ?sﬁye%é‘% H%ep“Rf3§ sab ra%@l&%u‘{agkﬁ%%gge an n-type
congict i ¥irning PEGARANAPSELoY Srelie 19 adtrydadee adhanpibsdiecnt bf te divenoon. _

i npl antation of phosphorus, arsenic or other n-tyEe_ dopant s$eC| for this

embodi nent . Dbjgunes A ataerpssesectienal vigyrs of 2 sphstig IRV RR ERCTS & 2
acconpl i shed t hrough. diffusio . i Jus

i 1 usi of ConatT e g1 B oPhyitRe SaRERb R ERhERn AL A eRRaE

mat eri al and r6 Blsi siatphfidblociAdiagmno bt anintdgeatarheepitsoemery/dgviem r egi ons
228 and 229 include lightly-doped regiaons 230 created by differential

| evel s ofcapadrnge Wibisembodime obhed¥sbant f eri ng dopant ~speci es.

Li ghtd y-doped regions 230 5 are often formed through angl ed inplantation of
t he ‘dopant species to extend beneath the word |ines 106 and to coi ncide
with or underlap the gate di eDETAIGEDDESCRIBTIONe formati on of the word

| ines 106 as descrj hed. arge ex | ary of .one appl.i i i

conj unction w PW#&BPWU@ d@Ff‘ﬁS@H%@HPéorb?f @ﬁ@rﬁsﬁ‘@éeﬁ%%l%giﬁ‘%é’ E%ffpl%ﬁgfﬁg%dsd%é?

" fabri cat ign, ABMLRE1IRE dARRsARITOMS a P halesn ah@aswhick issidwadihapsokqual | y

vi abl e. For cl aIPIty and 1d’_to focus on the formati on of the capacitor

st ruct ur éBuystratiny sprcificmbastimensh yewhigh b s vention apgyhear e Biss ubsequent
drawi ngs, particularly those . TCE deugd ur e
of 1 b wisPIb AP HEL: B gtydned B ARG ALTRANS uRRE Wl n Bt bRt Y o1
i nsul at i Rgvdn@sar and3bisits be epdsitb@tithavahénydntgpdinéss may be 206zedzndweitprensssaor d

lines 106, field isolation regions 110, first sour.celdrain regions 228 and
it ighF s5reF 33

second 13lestigad er meghanicabehapaes majbe Fade witheyt depaitina PRy S0 Eis a

di el ectri %es%ﬁt UL A oS P teSis Satdr 6P RIh @ se®inl the RIloWidg dederipitsh idtluiemy
oxynltrlcPe materrals. For one enbodinent, the first insulating |layer 235 is
a doped dielectric material such as borophosphosilicate glass (BPSG, a
boron and phosphorous-doped silicon oxide material. The first insulating

| ayer 23S is generally planarized, such as by chem cal - nechani cal

pl anari zation (CWP}, in order to 20 provide a uniform height. The first

N NSNS 4 a 1 - o o r




PCT/ USOL /SQ(>03 first source/drain regions 228 and perhaps the surface of
the first insulating |layer 235. Any material deposited on the surface of
the first ating layer 235 may be renoved such as by 06

Alter nati\\ygp);&gﬁéi’/er of conductive material may be bl anket ’e”SS's’i"’{%%
followed by an etch-back to | eave a | ayer of conductive material overlying
the first source/drain regions 228. For still further enbodi nents, contact
pl ugs 240 may be formed fromtungsten, titaniumnitride, tungsten nitrides,
t ant al uibase semicbeduabiatiuative.dixaotpesring sdecRilednven-sappbire £5QS) teemalogyor al | oys.

A bottom capaci.t or pl 24 r.first cond ' ri.S,f verlying
_at IeastSﬂ{Cﬂ‘goﬁf%sé'jeadgb@hﬁ%égé%ﬁﬂbysitlBQMﬁ?rsanéégtB{ ﬁgﬂbg% zla]f)fr?é’y’ (ﬁ)rg?ggn 37. The
bot t oms y@fiofel QeGRBhAINES, dPHagRI ﬂa@ex%%?a@iﬂi@oﬂﬁfpgbﬁdd By alba@sgeniicongactor by t he
surface of the contact plugs 240 while the sidewalls of the caontainer holes

237 ar e stiedtinged sl ashetherserbeandielgr strucgires wWell Keaw ip. pugyskpled 35 theprle

contain oles 237 further.h o) ' b 1,: ; face of
Che 11 SerPREtTerT g Thar iRt AR S LR BN RS 57 1

el ectri %@évi&@'ﬁ%ﬂéh§ﬂéﬂsQﬂa9ﬂhé\}@ Hebe ugspdac forhbreploug/fuiieidns ihhke ot t om pl at e
245 is any conductive material. For one enbodi nent, the bottomplate 245 is
a conduceMisenducsspEEcEE, pad tedemns wafer apdrsyPstials Inshidls drsuerYIg dayset t om
plate 2 .S - i spher.: | Vs kd peon.
For adaibyafift S8ERARbN Lot RERL: AR FR HElE e Rt Bl L A e e 245
may conttalten imelialisng seatalandithe icdps of thepekeralih@psonks dedinddionly\by tiet al

oxi des. 20 The bottom pl a‘t@i‘? 24?} may be fornmed by any nethod, such as

col 1§ maté@acndsth£1ERs ay CRRERTTES] e(FQI\;or deposition (CVD) or other deposition

t echni ques. lF’?%Lg@ &if Qﬁﬁeﬂéw df 'K‘?ﬁéﬂmr?ia%rﬁif offBih @EE@Hance WA tHA! driBdRhéd i1 245

may be deposit as a retal layer followed by nitridation. For embodinments
cont ai nithginMSEopoThs iehooy arrdahmchdes omigiheatcapRasr menopecdllsrifgdomeda vari ety

of methods known.in the art, .includj | ow sur e, CvD. (LPCVD d 25

si |'i con WEPHEEAFLF *ﬁisllg%eéc%‘ff Vﬁ%@%%é%%gﬁﬁ%{qﬁaﬁetﬁﬁg ﬂ)sé’gu% f]é%lgl?r}esn%@f ature
and pr esgihg apR89bs hield ThRadiRt feBibhPL A fe 24Medmi 4 dtbb@e. contain a layer
of HSG polysilicon formed on a | ayer of polysilicon. Subsequent annealing

of the menor Eadkwicomryasi! pPGingbules a cerainpionPatond dh andhan iSEISIRNpSEre 245

and t he gcontact plug 240 suc hap.. ' f I i As an 30
exanpl e,%ﬂ??eess f‘ﬁ%SI%BE?glﬁle?&;?%a %’2)5‘? ﬁ%éc%@]g%%‘fg ifﬁ%gé%l-cg/gﬁa?glfgl ng materi al
and the gestiaed with u@ cdhthihdiechpatasr i amidal secombsompdetdrhialrogion bseocaedtwith
anneal i ng can produce a refractory nmetal silicide interface between the

bot t om pd bif Bnepapstagh 13- He lewshpareoniing copRsitosibhis fpmagd iicppiapehion Wity &
0210s' | lcﬁh?asi gérH%qaﬁ'&%'d@criled'h@Ie face layers are often advantageous in
g electrica

reducin esi stance to the contact plug 240. In Figure 2C, any
por toons of tTe hahdgroels 40@ a4brahgedmdstentidllyan uppeandenidranse Shéwn e fir st

insulating |ayer 235 arg remgved, ch CMP, chem c tc

react i veEligB‘ﬁaleaF% H?Wﬁnﬁof'ﬁfoﬁﬁ%?“%%% a‘ﬁ@ﬁﬁ%%a%&ftgﬂeaibﬁ?ﬁ H%{Be%re

bri dgi ngrphed BeerGaHRIHNE 160 85d fO2B)edspeeivelynBitaRR @A UPRE RSpotddns Aot e
that conplete renoval is not necessary as |long as isolation of adjacent
cont ai neactivohregs PE7thranghdhi lineespntattsel 12eWiord lingg 106AAUI06B age further ¢avplad dual

bot t om to portions of active areas 108, with word lines 106A coupled to active areas 108 in columns

25 102A and word lines 106B coupled to active areas 108 in columns 102B. The word lines
106A and 106B, coupled to memory cells in this alternating fashion, generally define the
rows of the memory array. This folded bit-line architecture is well known in the art for
permitting higher densification of memory cells 100.

Figures 2A-2H depict fabrication of a portion of the memory device of Figure 1 in

30 accordance with one embodiment of the invention. Figures 2A-2H are cross-sectional views
taken along line A-A’ of Figure 1 during various processing stages.

In Figure 2A, field isolation regions 110 are formed on a substrate 205. Substrate 205

may be a silicon substrate, such as a p-type monocrystalline silicon substrate. Field isolation



pl ates 245 for the future cell capacitors as shown in Figure 2C. Al though
the use of the container structure and the roughened surface of materials
10 I'i ke HE PRsYs)! i con provide increased surface area of Jhg,pkdein pl ate
245, this alone nay be insufficient to provide adequate capacitance |evels
as device sizes continue to reduce. An-additional nethod of increasing
capaci tance includes thinning of the capacitor dielectric |ayer. Many
dielectric materials, e.g., silicon nitride, alum num oxide (A1203) and

t ant al uregient X gle génbaa BEbrmedyf andasilater ar gielsttrit owaatal,ooct aeslicrentxigesocess
such as oxidation_or 15 reoxi dation 55]?\&&56 a| ar eas .t hat n@ ?eF conducti ve
or ot hedWQ&ESiErbsHicon ntadesd§aY / RMahy Sty aed 51 IEO‘h%?%yé‘Ft¥‘9‘i‘ss(Sl S{\b & ith§ con
nitri de’enﬁ;loﬂmé?lwﬁe%isgﬁugﬂ%% 1@0%41%%@41 Hmlpscm?hqés&cﬁaa%%) may further
require a pre-treatnent process .g., an amonia (NH3) anneal or a

~ phosphi renYdatidnaldocad akidatidn mﬂl;dlcbnt(LOGQﬂ)amac}Qa’ﬁatps substanigal Fygrlmaw ireglomsf  t he

dielectric |ayer to_achi eve desired el rical erties 0 re pust be
Caken 1 O QB 00 e R TGS oeL RS BT QOBRECR N GG access
transi Stlelatﬁﬁl’lf@ﬁgnPYlG’&@ﬁfb'strrﬁ@b@S SPRRCr@Siof iof tHeidMisbiafion edyidma 1Hiig St

insulating | ayef 235 during such treatment of the dielectric layer after
f or mat i gmgcededeatfivinwedby thedonmation|of iarggtestieladtialayep?l biFot hif gnbadiinent, of t he

di el ect th : to f th ielectri
ayer . Bt Y en S Radbirma s B o e R e GRS of ¢ ne
25 di el qggtéﬂlaqs d&¥Abed Berfin®r A& hﬁdhebﬂ surfaces of the bottom plate 245. As

an exanple, in a structure as shown in Figure 2C,_wth a bottom plate 245
coni®i ni ng H§©llpb’ll1}$ﬁhb creeomdicdthe Fieldf iselation ngﬂnétlll(hgnq gijediclzgicdayrail i ng

BPSG, faorgmtio li.C Legtr
prefer erit lrﬁ Cotngu(?hve x—@‘@edﬁ’?{éQO 3}5%:110&%% l&c‘;“r?rrgﬁ d%??e t%a%&g }gﬁ\{e(&}/ % (fayer havi ng
a thi cknesgucdr 1aR08) zmsdt@bap 1204 200 ah @atdSEadead Vsl dré tomed bY imethivdafwdlhe

structure may result in a 30 thickness of |ess than 20A on the BPSG &ortlon
of the dinowatinthe artrijate b@ﬂ@rdéyqralgwyﬂ@r?g@ﬁtal HEidsatychis tifapmp pitdde (TidhH
nitride i w,@f’ s of
the di elogg'?r%ﬂehlng@igrg ove?%a\(gg&lldﬁ tlagﬁly fom p ¥89§n4y AM%& Vtgnlgaﬁ%ﬂlglhgﬁf to
protgct ihdreashly ammqm:ilatlm Msngs:ammv@s)(mm ¢apriamaa@1fs cffteomlmoh hitride hbile

cont ai ner hol e 22 2/ 059950 11 PCT/ USOlé‘sI || |4 | 3..t hi ckness of
the di el &4 sPeeers %?wcﬁ?@?rﬁtf\oﬂfga fifleckirpaiedalshch fes RS idenS Pt P diter
235 may é@%ﬂr&ym@dé 8 fareoo%g fa &is G ﬁhmet&falt@mmpesmqme@@o@ & plisgrospeci es
fromdiffusing’through the f |rs insulating |ayer 235 and attaclcing the
bott om mddeffeoa?oraﬁx51eumrst FEToas the deces$ tramastons of mermmtbr(vlcellQ §‘he cqnsyrgl@hon

cont ai ni S fu hrough ,the first i atin y
oxi di ze cfr}ﬁlé % lb’?’ﬁsgbétabc 193§rattw% ﬂ@h?sggg% T eSUeh ebm gath oﬁu mayf trg%%)n? in
vol ugre exdeanesé Aayahclidiea R@fator) medt ﬁ]l&lﬂélath@véq‘@ﬁrLgrﬁeﬁ)cﬂy@l@d‘lﬁlll@ybrdfhd he
bottom pl ate 245 may further con;)ress the first insulating |ayer 235

8

bet ween laeﬁalé@éﬁhr%um (E»a)pa@haﬂtdﬁ hfpigmHD. pebihdenym (Mg SHQRUPANPYr e of a
menory t j acent
cel | cagtgl\éela @%ﬁ UIBH{}BEI gans ﬁ Bdlh&?%gﬁdo%ﬁgﬁg%@)ﬂéé%g%ﬁ%?}dt he
only coneeasgmzfed@mmfm?t&ﬁy mﬁeltdlse O:lhefrfamsstnmloﬁx folr m@hn@fl%mwgwnﬂ konowaimiheg
speci es, hydrogen- cont ai ni agwst CI es and ot her, undesirabl e ecies to the

under | yi #hAnegenerally ipcludesme ¢k efineor mare FRuCyrlpYR 8}“?%}? EXBYF the

ac C?§ S tJigIRstis §Rer,dbid e sRraRL ?!ll‘RﬂLOBfOf O RGhSlate @A feldciid RGtegi@pant
profile, dopant geactl vation, and nore. Such shifts in electrical

characteristi Srslnrm{a}'rarresgions 228 arell 329vaze fQImedﬁn the sub@ram%)és;ycln pslbsi stor. The

various e ts of. the ress s sion e _concerns
by provi %ﬂrﬂﬂt}&ﬁ’e OPHgAT S QW?‘%%# 2@]«3 LV E N @%dBﬁgFiﬁe tﬁg ) ﬁrrgarg{ﬁgfoélcsze of
“the firsi2g mauetds Rl BYRS chédlel Beliv@eiereedd the BRASHIred/drainlagiods PIR1sDihe
barrier layer is separate and distinct fromthe capacitor dielectric |ayer,

_thus per$p¢ed seyractirainiragion2?he di el ectric |ayer overlying the bottom 20
pl alg 245 | nd@&{%@?@&ﬁ RbicOPSEENE2 2 ndvBRWbAAREGRY 1RGSR InPHBExE 2Es ! he

fi rs? i nsul ating
For a p-type substrate source/drain regions 228 and 229 would have an n-type conductivity.

Such conductive doping may be accomplished through ion implantation of phosphorus,

arsenic or other n-type dopant species for this embodiment. Doping may further be



23S or poor diffusion barrier properties of the dielectric |layer. The
diffusion barrier layer is fornmed separately fromthe dielectric layer with
separate Qkp&ﬁég;pg so that it can be forned w thout danagkqgﬁ%h@mg§V|ce
yet still "provide protection to the device from danage duri

pre-treatnent, fornation and/or post-trgatnent of the d|eIectr|c | ayer.

Note that separate 25 processing nmay include continuation of a formation
process using a different set of operating conditions to produce the

di f f er i ngpedepbdiet ittonugihdiffasioe of gtei dopantespecieu sialiges @uEzoun ddfusenfar deffussm  of

operating conditions . to di e de si ion . on .t e bottom

of The capanaieer AL o i gec TheR! s 0ue S ErSr NS et O
condi ti ogbﬁléemlﬁﬂe@&aélms%@@%tm&m@l litl'}ﬂio‘fab&jﬂ%@ﬁ’drﬂs&?,@@ﬁlaa@atﬁyq}ﬂf@knﬁd]e

cont ai ner holes 237. 30 shown in Figure 2D, a diffusion barrier |ayer

250 or fleves o’ﬂd@aemqnp@ttaayeuor peenf @il dopant gpieﬁlgb d{lgllltéaé@wﬁh@@ﬁﬁr?r%?ce of

the first ating |ayer cit.or on
barr%er ‘T”Sf@?n Eqﬁﬁleiigngﬁl%w{‘j (95 W?%mbcinn%he ?%e rg&e fle?noel gatgﬁg but
there i swBfl Me@NDPhid @toltideokith agumﬂlapue ke dialgeris 1ay'¢trewosed bet ween t he
di ffusion barrier layer 250 WO 112/ (1599S11 PCT/ US(1l/50103 12 and the
first insul at Thrformylem of3be wertlinasddoap doseribeliang cxempPRroNNCIARDETIoREy be
used to RYely ayers.
ovever , CongafeAETHE N 1oRRLS bbo@ RN e U P DR hRREH of OV P 1
avoi d shfmbht&tg)naadﬁ atenhpilizhtionm 4ot alse $caRible anlgednpsl e@]a(t]lyeaaﬂle res slacfy dnde

bottom plate 245 and the surface of the first |n?§)ﬁ 5 | ayer 235, an

appri8pr i @ iecir L tbe EamatpRphihe SpRAsItET HEUCHECS FRNYE CBPP‘@ €18 3% or mat i on
of the dijfisiaRoRRubs&u eh?&'rﬁ&nr%?opﬂlclﬁ ttheel%%;ﬁjéxﬁg nh¥befs perthinithohtb ARES S €S
can be used to renove c ntamn sto rove adhesi on and to achi eve

better ekta&tureoﬁlhep\mthnesamlthelsd:mee/dlaauieglong structure. One exanple may be

a diluted hyd I uor | cid er cleani t

sol utions are IIFI at?}hl g gﬂf‘ﬁ“&g G- ﬁ?é‘FP%Sﬂtﬁ 8?'612)811%1?%’3@?}8 ?g,sa,s 10
sur f act agk§ as %}ym%oe%lmoetloh@eslbﬁs P@Sﬁrs@goﬁ&/%ﬁﬂegfoﬂQ es$and $6ond
sidewal s of the first insulating [ayer 235 may be sli recessed to

obt dibn hsgea/drsiapeagires2itde Tha fius snsuldting lafer 23T is addidaeiiia gnamuaétsm aygilicon

d/
per 1 or maoRot RERA e Bt g ER P Rl R PR BT PR, &7 550 1 o

a di el ecinshtin@lagéd 25 is a@apdediolectriaderidl Beeods batophegsiosilivate R (BIIQSG)

di ffusi on of oxygen-cont ai ni speci es often used in subsequent oxidation
Or I eoxXi aézpmranéphespéel@a&wdpmdg 9 leqwmiq wategyled be Bt pnsylagige .lfLYéb%?tﬁalrSm ng
speci es r

radi cal s: or r%%ggrrgddg{]ﬁemnsfo f&fﬁﬂﬁ%l%@éf%gﬂ %§§J%%%P39§é82§68@%%

si | i200n- pas/édd ermﬁferm&Ie;ght:d?hedlrﬁtunmhﬁmcdajmmdBﬁmsmen pdrttemhdftbulsﬁmalbwﬁor er

| ayer 25?|s silicon nl% g gstlll further rrbodlrrﬁ di ffusion
barrier FuygceBsepacyors Bastertipg phihe dirHiptatng Jaxer Ry SSH9spLidnt T?éfé“& rain

di el ectr &-@Jlé}ﬁ)tf@gloﬂbﬁpmg Sh&HMEe WogincUepsas a silicon carbide materi al
(c2si | CSi For™ anot her enbodi nent, the diffusion barrier |ayer
250 is any d| Bhteammg@f thetlost insuliting lagmél3durma‘yus¢ledﬁ standard ppotolithographic

oxygen-c al ni s th s .l.o S f.Ol, anme
oxygen- cgf‘r‘fi’a’ﬂH?ng n%%g@f)glonf HE %ﬁdc Std%%ﬁ%&‘“&?gﬁrg%ﬁéad é%x?)osen& ons & eh@o? yet
anotgser e&h&dhmen 235hehdte Rt dl dapdditofy art Byl foRhed. iThe@Rposdt @bRAE bE 25
material having a diffusion rate for oxygen-contai ning species that_is

| ower t hihe frsdinsulyingdayar 288 afeothen Franayvgde %@%@?ﬁs&%’?@a st mgulapegiager 333r ough
the 1 nSulal Hgeha) %fbﬁgénngmf S1S! ARaF18 b Embo FelRRBUKSo Y irftfle 3ROV 2
speci es pa S|ng arrier 1n a given perirod for a given ban~ier

"t hicknes &chh@nwragweeallypde@smneupmdthe matermll of omsgndtioatafolre lafertthde speci es.

For additi onal enbodl nent s, the d|f barr| | a 250 may have a
_di f f usi ofeTPated 2 giel I8 dreoyEpupging or 3 }éerffﬁﬁ?% ‘%WF Gsphi ne (PH3),

fluogg ne (F2) mMfiowi atta%u(gQ;lf%e flmtnshﬁuhgwél 13%aR 1dyR ot dnbitgivery-adeg for
hydrogen, anmoni a, osphine,, fluorine of Chlorine, respectively, through
t he i nsulpatyisiligoh ay@hemﬁductlvwa)@immme@@ﬂﬁrmt??@pﬁf(d W3Las offtlee Bt t om

! 245 shoul d b || devoi d of
G 11 s+ onoBAPHIgr ey 2 Bbforf polih & R oo B 2281 AF BUCLRRu oS, oy

250 does pngls 230 GitlyfbeFarmid by dam@ned heposiishlof | Bmgsmamaw doascsnlpihetdrporal |
capacitor. As shown in Figure 2D, diffusion barrier |layer 250 only extends

over the top portions of the bottom plates 245. For one enbodi nent, a
majority of the surface area of each bottom plate 245 is substantially
devoid of diffusion barrier layer 2S0. For a further enbodinent, at |east
98% of the surface area of each bottom pI ate 245 i's substantl aIIy devoi d of

. o N NN o . I Y .



top portion of the bottomplate 245, an additional advantage is observed in
that | eakage | S current at the corner of the resulting cell capacitor is
reduced. W%z@isj()fsbm on barrier layer 250 is preferably fopppgishys@oiret hod
that will produce a |ayer of material on the surface of the first
insulating layer 23S in preference to he sidewalls of the bottomplate
24S. This is generally referred to as poor step coverage. The diffusion

bai z-ier layer 250 is further preferably formed by a nethod that wl|
produce fast sayee/dodin 26ziomst 228i 2atl porhaphidie suifcecd taf Hishmsylpting laygiddPafintig | ayer

235 in preference.to the bottom of .t he bottom pl 245, Usin c

‘ processéﬁ?tert‘ﬂé{ga‘i)sf‘tlegé’f]gl?'?% F§ gf]rtg? 515’/%Fn%%lléyﬁgbgﬁfglﬁﬁgﬁregﬁo%e 5§§]u£rkfba?'ce of
the firstyipnaubmbiifdy18ye of 3RIuMNG BatedaMRgbé bianisd: depsltts folodeb oy taam of

the bottom plate 245 substantially devoid of the material of the diffusion

barrier dtelyeackasteavanilayer of ecndpctivieloygrid GeRpng Hieelirst Jparcefirair iedensot28: he

di ffusi barri er |ayer. 25 0. pbrovi de ihCli i from

ai st g on s ea Ry o B B2 R s B R BbECTY
capaci t afigRleOfunkdien hiesds! tafglu@ehitrideg plaaiifon or Wiet €oniduictive maadas, \nadhle ot 0
formthe diffusion barrier |ayer 250 as a bl anket deposition followed by
removal Boysmterial fromwithin the container holes 237, it is preferable
to avoid such . i, N, [ . 0Kt | oIS be
made. o prof o dapRoRhRAEEBaltbas e R Chduche HFBOR bR EARRE LRI

pl asnma- eplbed GedomYend BESVA)s, of pieotontAsaihsiea @ 3CVIheandtopls yw$ ilealontaamo holes
deposition (PVD) techniques using appropriate operat] condi t.i on For one
erbdfi Rt e Hefiusdra (R P Py il Sopagepf s goniactaiss A HRIE RS RITERIRAT by
PECVD. - Lo ineddy 1fe Qirrdui@ine IR BhARLinRQhRS 228 Fihe PECVD

sili con%?f?@?@gﬁ%]%%@grggﬁr\%ei aﬁyltye deposit © WO (12/ (159950 14

PCT/ USOldoBiatiza hotes 2607 dunttmp baveorpeh dopsaishined by an fipgee swfface o€ thei firsttingudatingat i ng

| ayer 235 and will generally not deposit on the sidewalls or bottom of the
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' Subsequent annealing of the memory device may produce a reaction between the
bottom plate 245 and the contact plug 240 such than an interface layer is formed. As an
30 example, where the bottom plate 245 includes a silicon-containing material and the contact
plug 240 includes a metal-rich material, subsequent annealing can produce a refractory metal

silicide interface between the bottom plate 245 and the contact plug 240. Such metal silicide
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CVD is preferential to the HSG polysilicon; formation of a dielectric layer having a thickness
of approximately 50A on the HSG polysilicon portion of the structure may result in a

30 thickness of less than 20A on the BPSG portion of the structure. This is due to the longer
incubation time of silicon nitride deposition on BPSG versus HSG polysilicon. While the
thickness of the dielectric layer overlying the bottom plate 245 may be sufficient to protect

the bottom plate 245 from oxidation damage from within the container hole 237, the
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30 perforned to create the access transjstors, container. hql es 237, .cont act
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25  processing may include continuation of a formation process using a different set of operating
conditions to produce the differing deposition characteristics, e.g. using CVD under a first set
~of operating conditions to discourage deposition on the sidewalls and bottom of the container
holes 237 and then under a second set of operating conditions to encourage deposition on the
sidewalls and bottom of the container holes 237.
30 As shown in Figure 2D, a diffusion barrier layer 250 or first dielectric layer is formed
overlying at least the surface of the first insulating layer 235 between cell capacitors. The
diffusion barrier layer 250 is shown to be adjoining the bottom electrode 245, but there is no

prohibition to forming additional layers interposed between the diffusion barrier layer 250



properties in the resulting structure. In Figure 21, a dielectric |ayer 255
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figures were use 0 ai d the understandi ng of" the acconpanyi ng text.
However , than a diffusion rate for the same oxygen-containing species through doped or undoped

silicon dioxide. For yet another embodiment, the diffusion barrier layer 250 is any dielectric
25  material having a diffusion rate for oxygen-containing species that is lower than a diffusion
rate for the same oxygen-containing species through the insulating layer 235. Diffusion rate is
a measure of an amount of a species passing through a barrier in a given period for a given
barrier thickness, temperature, pressure and initial concentration of the species. For additional
embodiments, the diffusion barrier layer 250 may have a diffusion rate for hydrogen (Hz), '
30 ammonia (NH3), phosphine (PH3), fluorine (F2) or chlorine (Cl,) that is lower than the
diffusion rate for hydrogen, ammonia, phosphine, fluorine or chlorine, respectively, through

the insulating layer 235.
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| ayeys neeehidQionRfdN UHRisRIAIT oxygen-containing species without detrimental impact on the
capacitance of the resulting cell capacitor. While it is conceivable to form the diffusion
barrier layer 250 as a blanket deposition followed by removal of material from within the
container holes 237, it is preferable to avoid such exira processing.
A variety of deposition processes can be made to preferentially deposit on the upper
30 surface, including CVD, plasma-enhanced CVD (PECVD), photo-assisted CVD and physical
vapor deposition (PVD) techniques using appropriate operating conditions. For one
embodiment, the diffusion barrier layer 250 is silicon nitride formed by PECVD. Due to the
high aspect ratio of the container holes 237, PECVD silicon nitride will preferentially deposit
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have been illustrated and described herein, it will be appreciated by those
of ordi neu ghesrbpdrlorihnritdﬁﬂalaautfateha’[thefi;st msulatigglwm”?xﬂmld wigl geatrelly atted to 20

achi eve the sa t ut ed nbodi t
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- ordi nary,gsil bkcivib éﬁ@u@&rs at Rsu@¥@H ks fit ﬁﬁ@lﬁla ?é@% nepPAREF;11 wkeposi tion
processes and renoval processes may be util |zed W he invention.
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structure, conprising: PCT/USI| | hUI~113 a bottom pl ate overl yi si dewal k
and a cl BEGYDbwith oendeiectablesiepasivammaieniab on mfesrl@qwllts 1ved Spiemer i h@%omhe

cont ai ner P 4?' are defined by a surrounding insulating |ayer; a top plate;
a diel ecP%a ayer overlying at least a portion of a surface of the

i nsul ating | ajkey readghized thafnmeed dbataesBeh kovéraid eivaploas eeanidioh hetliode, pl at e;
and a diffusion barrier |layer overlying at |east the gortlon of the surface
of tle i ﬁ@m@ﬂeﬁ@lcm@xeﬁalm frpesit piitediderralls pioasiomypf Webaderadlad gt t he
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plate and intet electric Tayer an ceo the

I nsul at i bgsuBaatallyhainer thaa tiwjepdsitiyn m@/exaorsuhekmﬁaz:emfelae ﬁnrfst inkdathy Ivpm pl at e
is not covered by the dlffgsmn barrie

condyct or
cont ai nef3¢diaeit %/%Pref"é?rll@é tQUFLeR O fhgi Smfice Wéer é’f Shlqsh@tlﬁg}%yﬁg% Bpan-i er
layer 1 s @yeldett 8p pRAEQAUHIU BY of BGrafl 0PAGE bF bihied #pRdpriate stripping solution

15 can be used to remove such undesirable dielectric material from the sidewalls and bottom of
the bottom plate 245 before significantly impacting thickness of the diffusion barrier layer
250 on the surface of the first insulating layer 235. For one embodiment, the diffusion barrier
layer 250 has a thickness of approximately 150A. For another embodiment, the diffusion
barrier layer 250 has a thickness of approximately 45A. For yet another embodiment, the

20  diffusion barrier layer 250 has a thickness sufficient to substantially eliminate oxidation of
the bottom plate 245 by oxygen-containing species diffused through the first insulating layer
235 during reoxidation of a subsequent capacitor dielectric layer.

For an alternate embodiment, the diffusion barrier layer 250 is formed through

sputteririg of a dielectric material onto the surface of the first insulating layer 235. As with

25 the PECVD process, the high aspect ratio impedes deposition into the container holes 237.
Sputtering at an angle may be used to further reduce the ability of the diffusion barrier layer
250 to form on the bottom of the bottom plate 245. For another embodiment, the diffusion
barrier layer 250 is formed through photo-assisted CVD. Similar to PECVD, the light source
used to enhance reaction of the CVD precursors will generally not penetrate the container

30 holes 237, thus preferentially depositing the diffusion barrier layer 250 on the surface of the
first insulating layer 235. Other methods of forming the diffusion barrier layer 250 on the

surface of the first insulating layer 235 may also be used.



3. The sem conductor container capacitor structure of claim1, wherein the
dielectric layer is overlying and adjoining the diffusion barrier |ayer. 4.

The senuc q tQl-.contai ner capacitor structure of claim < wherein
. 1 50 : . : iﬂ' s
t he di ffugl o}r?ﬁjﬁg{“ner | ayer is further overlying a porti onjpgf Ee/“ﬁ’gSttom

plate. 5. The senuconductor container g@pacitor structure of claim 4,
wherein the diffusion barrier layer is further adjoining the portion of the
bottom plate.. 6. The sem conduct or contai ner capacitor str~.~cture of claim
5, wherein aln&mira2hg gdettiionayef 29her woonddiclottat dayeois favped evenkyingribe

di ffusiagn.barrier layer jncluydes a | .orl, tyof . urface ea, of e bottom
plate. dit{pigeem Gasyiesca @SQ@%II ﬁe&gttgp&ﬁ%@fhﬁdmﬁﬁcng GeanaaePore E:O(r;on ai ner
capaci t QRjcslihg fleWiBuQbn GdrdbiNMaler 2200but Inerviteicgprbhibftiendd Férih@Rddwasial er | ayer
conprises a silicon-based material. 8. The sem conductor contai ner

~ capaci t eonsondustive dayefs integiosed7betwher i diclestriciapdrnesd end M diffepion hgigier
co i ses a.silicap-based dielectric material. 9. The sem conduct or
co%i ni?yeﬁgggg?stc{)‘g“& ‘Y&t ure of claim8, wherein the silicon-based

dielectric mabigleb@ic lhyer 263 esitgids h aRMciriemaeMpFagicaitodinetft, ditleégion
nitride and silicon oxynitride. 10. The sem conductor container capacitor
st r uct ul@yes 252 rantaing sieopnitrgee Fey #nothes epbedigent idiclecsjelryers? voptansdy and
adj oi ni ng. t E r’rb;a! [ : ! | ati ng
| ayer. %%fcogﬁ)églgﬁerﬁﬁ%concfgggée%ﬂgcoﬁ?tgﬁgﬁ%r fg%oct%ep%?&gﬁlﬁgg %rafeel‘%)c Fr\cc g@r% 1, 2 or
?, VmeLQiXEHeTsf@ordé eteqiles inclhdyBh,SepRPIO;IBS Tawilere ezt T]i BaTid:eBiTED,,RbTE@1, ed
romthe group consisting of silicon nitride, silicon oxypitci and
i eltbot meizriies doar s T SLumiarhaefios iikatnd Ralhe g aha
struct ur ' . 3 ie . i i c kses a
di el ect rl?iléﬂ%ftl?e{ d;}]%cstggé te ?}?fgﬁbtgE@“ﬁ??ﬁé‘%%@sg@ﬁ%&%ﬁ% ?Ig}égg oxi des,
si | i con magneirdesparengi CYDon odwey niitabledposifidn tetheqse Subseqderdttoforoenomi ner
ses a

b A AT 2 A T S UYL VNV A
ggpgg 'hf) ?E’Hg“i‘iﬁﬁ? Eégy[ggngf)é)gdﬁwﬁé@)g,w@@&&h&rath@ winge btrhAige daxBfoxsameri ses
15 200 to 1000°C. The actual oxygen-containing ambient, concentration of oxygen species and
annealing temperature may vary for the specific dielectric material deposited. These
variations are well known to those skilled in the art. )
While silicon nitride and silicon oxynitrides are generally good dielectric materials,
vacancies within a dielectric material adversely affect its performance in the dielectric layer
20 255. Vacancies within such dielectric materials describe an oxygen and/or nitrogen content
less than stoichiometric amounts, thus resulting in a silicon-rich silicon nitride or oxynitride.
Silicon-rich materials tend to be conductive or leaky. Annealing in an oxygen-containing
ambient can provide extra oxygen to the dielectric material to take up the excess silicon and
to repair vacancies. While the exposure to the oxidizing environment must be controlled to
25 avoid unnecessary oxidation of the bottom plate 245, the protection of the bottom plate 245
from diffusion of the oxygen-containing species through the first insulating layer 235
provides additional margin during the oxidation process; repair of vacancies within the
dielectric layer 255 can be accomplished with reduced concern of oxidation of the bottom
plate 245 from multiple surfaces, i.e., from the inside and the outside of the container hole
30 237
It is noted that the diffusion barrier layer 250 may enhance nucleation of a CVD-

deposited dielectric layer 255, especially where the diffusion barrier layer 250 and the

dielectric layer 255 contain the same material, e.g., silicon nitride. The resulting dielectric



15. The sem conductor container capacitor structure of claiml, 2 or 3,
wherein the bottom plate conprises a conductive nmaterial selected fromthe

group congipshjot@sef conductivel y-doped polysilicon, conduskipghisddered
hem spherical-grain polysilicon, netals, netal nitrides, netal alloys and

conductive netal oxides. WO (12/ 0599611 PCT/USI T/ SOLi 113 22 16. The
sem conduct or cont ai ner capacitor structure of claim1l, wherein the bottom
pl ate conprises a plurality of conductive |ayers. 17. The sem conduct or
cont ai nelayecéléé@'mrd)yinstlmw@rféeeeofdhe Srsainsvlatingageisd 39 wilthpohavernthicknass i s

cont af norenDr wa g VRdebdfied SRR o E R RphERRL PP LBk e o
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sel ected fromthe group consisting of conductively-doped pol ysilicon,

_ conduct | Gifhsiorbyyeigr Wé’ﬁﬁéwﬁéﬁ@mdlwl&i the gibfugion bprish layep ] may gﬂﬁéﬂceﬁ}i #ri des,
met al al t. 1. Vi t ides. . 19 .. 1 efels n..gont ai ner

capa!(szi toAr t%gc'?(gl gsg%sﬁlgﬁ%%ﬁébglg% ,ﬁ\%)\%eréiﬁn&tsﬁégglg%gﬁf]}? {eHe?g) \léfe:[%’ ’yblu(rflg and

adj oi ni n@ffidientditeheombired wiyiethe s@ikequhedisRoircdaygir 266 to podhied thedesi@paci t or

structure of claiml or 2, wherein the top plate is further overlying and

adj oi ni ngHHsigpPATIEHPOPCRISE di el ectric | ayer and overlying and adj oi ni ng t he

di ffusi on bangiggg, L alé,e%togrzécg p-m 2668 &Qﬂ%%ct%qaﬁg %elforrﬁ@tpf\gblé/ﬁfgrthe

structure of clafrm 1, ereint usi o arrier educes
di f f usi odieleétriniesRiallhe tepplaieccdtib slawghotbeadpinii@drdlicgetiintayba2iSngul ayer

during at | east one .process selected fromthe gr consi sting of a
pr e-lp_r ealt'fért ”?)P{S’g on to Q%B?]Wé’tq%gﬁ’ 05?13%y§§%1“£ﬁ%9%88 _gg%‘fef"? ﬁ@éf’?rﬁﬁfe J‘ﬁroc?(’f'gs s of
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of claim 21, wherein the undesirable species include at 1east one species
sel ect edanfdrgsnerahy fojtasusphe oamsé gridelies s br pguomedate 2 hitiog ospewbakment, the

hydrogen-cont ai i ng speci es, .f|uagrine-contai ni.ng s i and

chl or | nelOB BiSPal Sitanscmagetvslydancd TobRiTicBn ot ¥t iop PG TR Rermesdaci t or

st ruct ur @ngthofloAinel cagadiforSof th&edony gy, di f fusion barrier layer reduces
current Ieakal%e at a corner of the sem conductor contai ner capacitor

strudéture. Ntewz /261 339emt imiativgduyes 8¢ usFonmed overlying the top plate 260. The

second insulating layer 265 contains dielectric material and generally follows the same
guidelines as the first insulating layer 235. In Figure 2H, the second insulating layer 265, the
top plate 260, the dielectric layer 2535, the diffusion barrier layer 250 and the first insulating
layer 235 are patterned to expose the second source/drain regions 229 interposed between
20 word lines 106B. Bit line contacts 112 are then formed to provide electrical communication
between the second source/drain regions 229 and a bit line 104. The bit line contacts 112 and
the bit lines 104 are formed of conductive materials and may include the same types of
conductive materials as found in the word lines 106. The bit lines 104 are selectively coupled
to sensing devices, such as sense amplifiers, through column access circuitry for access and
25 sensing of a target memory cell within the memory array.
For another embodiment, the dielectric layer 255 is formed prior to the diffusion
barrier layer 250. Figures 21-2J are cross-sectional views taken along line A-A' of Figure 1
during various processing stages for this alternate qmbodiment. Prior to the structure depicted
in Figure 21, processing such as described with reference to Figures 2A-2C has been
30  performed to create the access transistors, container holes 237, contact plugs 240 and bottom
plate 245.
To ensure cleanliness of the bottom plate 245 and the surface of the first insulating

layer 235, an appropriate pre-clean and/or etch process can be applied prior to formation of



24. The sem conductor container capacitor structure of claiml1, 2 or 3,
wherein the diffusion barrier |ayer conprises a dielectric material having
a diffusi %‘P%ts@)s[,or at | east one species selected fromthe HOURGoz
consi sting of an oxygen-contai ning speci es, a hydrogen-containling species,
a fluorine-containing species and a chi-{ori necont ai ni ng species that is

| ower than a diffusion rate for the at | east one species through the
insulating layer. 25. The sem conductor container capacitor structure of

cl ai m 1 thatieleeiric 1ayee 205 bf sosncopretaling yerl aydisceoappricsiossly, siicklpersesses can
material having a diffusion rate for oxygencontai ni eci e tpat is | ower
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~insulati 1%%@%_%the%@m]ﬂ'lk%estﬁﬁmr@_onduptor cont ai ner capacitor structure of
claim1l, erein the diftusion ban-ier |layer conprises a dielectric

mat eri al havilngFigurdl, pusilentric byer 20 is figrared guer] yipatheibottpaglate 243 Angan

"diffusion rate, for rogen, t.nrough insul ating layer.. 27. e
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rate for oxygencontaining species that is lower than a diffusion rate for

t he oxygeehibiionae firmingssiditians! pon-epngictiveslpyare Bierpased betwges thediclselriect ed
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a diffz.~sion rate for oxygencontai ni ng species that is Ig_vver ,tqan 3
ielectric layer 255
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structure I'm e ayer is overlying and
adj oi ni ng t heAbgidwann #igire 2B ndliffhdon biiftiasiager 258ns-foemed ayatyin8Me pditeon of

senm conductor container capacitor structure of claimi1l, r .3, erein the
Cnaul ot g el B irash eueane el uEkr o et fnsiieGe e SRR or oup
consi sti Iy biiI6B¢he Bbit! bii5 I8 i AR GARY QB0 id dhotas -
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capasi t ap betadptining thefdideariela30; 2% bnkiheretihao probibigen wdompanddisapli ses a

doped silicon oxide. dielectric. material, 32...Th em conduct or,.gont ai ner
capaci t 0AYLE P&‘E:*PB%C@ b8¥we(‘?f’;]i‘€i‘r‘ih§ff§1°%ﬁ’§?r5’f YR 366%?'?%6&%%6? 2(‘?”gc’irrpri ses
bor ophosphigsidd £8Y€ SakRadditidihl 1alB8 HeNbLeRd USémiandoihadite br bagaci t or
structure of claim3, wherein the diffusion barrier layer is adjoining a

first popropotepbetwhen ashacenintrptratlhesgwidelines @r Hleselegtion anghfermationfiths ni ng a
remai nin grtion. o ) e 1 i ner
capaci to‘%ﬂ@?ﬂo\r}c? rdlreéIag%rh.%(ga?%%grﬁmésrp&%ﬁgeﬁgﬁ@erénﬁﬁr?ﬁggﬁj E%P%lr%]% of the

bot bom pl at e ThedigdesicdayrBR o3 lionldbe substanfidyadeavdaf pdr foheovrotd ymtlpd at e.  35.
The sem conduct or cont ai ner capacitor st,rqpc,t ure of cl a{z%%?, wherein the
remai ni ngiffysienibaricstavee bt thenmprnardbe ddiusigadagier jay5% S 28t the surface

area of §igﬁ99ﬁt§§mp§gﬁﬁ§ﬁs%n%I&ﬁcﬁ%me%,@rasé%h%péaaaﬁ AsNBbwAIPRIBuEOLT,

structure”o erein the remaining portion of the bottomplate
. i ncl udediffasiohdaster B8t 2110 driip extandsever thedap pdrtivhseofiibe sidew pllssafahe diglectrige

senuconduct or_ contai ner, capacitor. structure.of clai.ml,.qr .3, ,whergin at
| east 95%6?%%&%%?@8858 > PR B@%’? B'i’fjfaﬁfa'&feé of @es‘ﬂ@%%‘é{ﬁﬁyﬁf ?? 1geyoi d
of the difsMaHAYy Rabld Sdiff@N6H barA8r 1a¥81€ DRI GO AR leibodnfiérit] AeEasCRIRGE t O
structure of claim37, wherein at | east 99% of the surface area of the

bot t om pthatserface aerefthndickicirie laesr 35 infubstaatialyrdeneidh dbdtsiorsbartignlayer 39,
the ai 11 oaraa napy FaMeFLPB0aBRECH Lol s by il a8t Mool 1er AT
" di el ect r {sGubstantially devoid of diffusion barrier layer 250. For embodiments where the diffusion
barrier layer 250 extends past an edge of the first insulating layer 235 to cover a top portion
30 of the dielectric layer 255, an additional advantage is observed in that leakage current at the
corner of the resulting cell capacitor is reduced.
The diffusion barrier layer 250 is preferably formed by a method that will produce a

layer of material on that portion of the dielectric layer 255 overlying the surface of the first



mat eri al . WD 112/ 0S99S11 PCT/ US01/511G03 25 40. The sem conduct or
contai ner capacitor stncture of claim 39, wherein the diffusion barrier

| ayer and iglectric layer are formed using different L L
t echni queg&@i(g)f?he sem conduct or contai ner capacitor st nepgﬁgje%%g?%g?ai m 39,

wherein the diffusion barrier Iayer ang the dielectric |ayer each contain
silicon nitride. 42. The sem conductor container capacitor stnctture of
claim41l, wherein a first deposition technique for depositing the diffusion
barri er insaleging iayep@33 orprefirenoderthe pdewnllngf thoditiacirzrigydr 85 pirethe containat | y

deposit sjli njtride.on an u r.surface of _the jnsulating | ayer.. 43.
The serdBlsn ddC uith atsres s Qs RS bh el Rie i HebR A Skt areSTine { ne
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preferentially deposit silicon nitride on the upper surface of the

Cinsul ating | dyedigared wege nsgdve aid thapedarsignding of hea¢covwanyiag text. Haweewsot t om

pl ate subs gntiall devoid of the di.ffusionbarr.i.ern|laver., .. The
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vapor deposition and physical vapor deposition. 45. The senuconduct or

cont ai népplicaperi Awordnglyicihe Auvwengsdra pal tade vigtbios dimengenalrdaireterizetigior
deposition t ' I.S..s€el . | St .

ol asm- enhandu i forerinE sEEL AL bAT ekl SHRLIRORLEH SRR anmicn sl vapor
deposi t imBgrat# cirthie dewdodse hiad wmetpartiadalyeduited farapaad stomags tapaciters of afenoir@i m
44, wherein_ the_ physical vapor deposition technique is selected fromthe
grolth &Rl opndin Smapdic PEERBE d9EFSput tering and col | i mated sputtering. 47.

The sem condyglag 399ﬂ§i%&)’ﬁ?i%d BRERGIA:PIm BF bt hebieRe@LirGliGhhd deghe gl Nt he
first deposition fechnidue s plasia-enhance cﬁem cal vapor deposition.
V1' O 02/atxjrddnte RGO AdSEhbcsifrhént @38 tHeGnddhitioA Hiet inemlonf devae 300 gndndee ah @aomguct or

capaci tor, comprising: formng a (s} conductive layer over!ying sidewalls
circuitry 308, control circuitry 310, and Input/Output (I/O) circuitry 312. The memory device
15 300 can be coupled to an external microprocessor 314, or memory controller for memory
accessing. The memory device 300 receives control signals from the processor 314, such as
WE#*, RAS* and CAS* signals. The memory cells are used to store data that are accessed via
I/O lines. The memory cells are accessed in response to the control signals and the address
signals. It will be appreciated by those skilled in the art that additional circuitry and control
20 signals can be provided, and that the memory device of Figure 3 has been simplified to help
focus on the invention. At least one of the memory cells of the array of memory cells 302 has
a container capacitor of the invention.
It will be understood that the above description of a DRAM (Dynamic Random
Access Memory) is intended to provide a general understanding of the memory and is not a
25 complete description of all the elements and features of a DRAM. Further, the invention is
equally applicable to a variety of sizes and types of memory circuits and is not intended to be
limited to the DRAM described above.
As recognized by those skilled in the art, memory devices of the type described herein
are generally fabricated as an integrated circuit containing a variety of semiconductor
30 devices. The integrated circuit is supported by a substrate. Integrated circuits are typically
repeated multiple times on each substrate. The substrate is further processed to separate the

integrated circuits into dies as is well known in the art.



contai ner hole, wherein the sidewalls of the container hole are defined by
a surrounding insulating layer; formng a diffusion barrier |ayer overlying
an upper Jz%%ﬁw?f the insulating layer; formng a diel eg,k_rrjb%o+/%§;{
overlying the fifst conductive layer and the diffusion barrier l'ayer; and
form ng a second conductive | ayer over?gi ng the dielectric layer. 49. The
nmet hod of claim48, wherein formng a first conductive |ayer further
conprises formng a first conductive |ayer conprising a conductive nateri al
sel ected fromthe group consisti n€QNCEARION i vel y- doped pol ysilicon,

conduct i vel y- doped hem spherical -grain polysil.icon,. netals, tal nitrides,
nmetal alloys S&ﬁ‘&‘”‘%ﬁ‘iﬁ’&?&%‘“%ﬁ? Pk P qle§§gv1%é%#&s%&>a&'}¢erg§y§§ M 48,

wher ei n gl ' |a¥Sal PHET urldefIy 8 iraRQNBF HS8SpEHEsHiflsed
plurali tI%&E) dgg]r? ugﬂh\%/téjoﬁg@g?g&)la\éla Theé umst h%ldo(t)rfq cl ai rln 48,p whserleisn form ng

~a first thoughdtd snerobadieg ilfsu}atihgnla&diubhit\gdzﬁeﬁ deserihed.aTle diffosion hatwier layer | ayer

overlLying and adj oj ning t si dewal | agd the cl osed hottom of fhe

cont A nérMRGHES! t%bot@gcqﬁﬁﬁgdéwmﬂeay%ﬁc%p tlﬂ’és,la%aé@&l‘%n m&s%f%%cgt}sl%cond
conduct i §eohA%RE ifsulatiRg TayePlRIgSRScdsdhfiMtdudns peardtanferhation dndyest-
conprising a conductive rmaterial selected fromthe group consisting of
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conduct i yeh hayey eﬁlﬂohﬁﬁﬁn%@@fek,&ﬁ/ﬂrdgéhmﬂ@ilﬁngsq%ei&si asdochili vndedinphe
overlying and adjoining the dielectric |ayer. WO 02/ (1599511,

PCT/USQ Spstips.i T Gitfusign bamier kehis dowpedienntiiedeym By qpacsior dighehisilayFor ming a
di f fusi . Fqb . i I i Wola i.er |layer
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oxygen- cdiffusion ipRgesipac iMhinninpedf thsdielarric Itparnin aurdifdcilitsieohighat @piotantde
oxygen-cont ai ni ng. speci es through the insulating |ayer. 55. The method of

cl ai m 4gvalugs fgr a gyen GRRACcROTSUFIGEaAiRY a diffusion barrier layer further

conprises foryyg (fe g;véﬁdb%i h‘%E‘b&?arhés&ﬁbhe'da%‘)@rm&éﬁ%ﬂivﬁhﬂgslﬁrcﬁﬂo%ﬁﬁhéi c

material having a diffusion rate for hydrogen that is l'ower than a

di f fidsi ocontahe chpacitoydfioogerentdny ozl ht shioeld besappatehiihal thy same p@cesTing et hod of
claim48, 49 or 52, wherei.n form.ng a di.ffusiopn barrier |ayer further

conpr | selechTis gt be HREy G pah i priarpresss i Sfhsr Rutisgton ShE et dce

di el ectriigeyi@le®lckl - 57. The nethod of claim 56, wherein the silicon-based

dielectric material is selected from ) ) o
Although specific embodiments have been illustrated and described herein, it will be

appreciated by those of ordinary skill in the art that any arrangement that is calculated to

20  achieve the same purpose may be substituted for the specific embodiments shown. Many
adaptations of the invention will be apparent to those of ordinary skill in the art. For example,
other materials, shapes, deposition processes and removal processes may be utilized with the
invention. Accordingly, this application is intended to cover any adaptations or variations of
the invention. It is manifestly intended that this invention be limited only by the following

25  claims and equivalents thereof.



the group consisting of silicon nitride and silicon oxynitride. 58. The

nmet hod of claim48, 49 or 52, wherein formng a diffusion barrier |ayer
further c i S formng a diffusion baiTier |ayer overlyj j 0i ni ng
t he upperagﬁﬁpggéoof the insulating layer. 59. The nethod¥g?ﬂgﬁgﬂwﬁg8,
wherein formng a diffusion barrier |ayer further conprises formng a

di ffusion barrier |layer overlying and adjoining the upper surface of the
insulating |ayer and further overlying and adjoining a first portion of the
first covibhidt¢leimedager, wherein a remaining portion of the first conductive
| ayer includes a majority of a surface area of the first conductive |ayer.
60. The nethod of claim59, further conprising renoving any diffusion

~ barrier il ayera {engpaddaeof esmaARENGpRATor soictek, ddieprisingst conductive layer. 61.
The nmethod of claim48, wherein formng a dielectric |ayer further
conprises forbeHgmPlae eveabing sidpuglisrang ielospd hettem@f AgPoiriaehele.nehersin st

conductive | ayer . i sian.: i.er. ; Qi

PCT/ USQl /sl | (f13 Z‘%dsé‘ﬁfwgé&%éﬁgg‘“%? E{éﬁeg’?en‘ﬁﬁ“,%%érsé\fpﬁgﬁle%?’%@uﬁ‘% i ng

| ayer conprises b@yephosphosilicate glass. 63. The nethod of claim 48, 49,
52, 56 or 57, further conprising: performng a post-treatnent process on
the dielectriddoPB\ prior to form ng the second conductive |ayer. 64. The
met hod of cl g ic IREr & L9 BF4 sUrfRRLIBRLNRNAGEIDyet P! | S€S
per form ng a?‘ﬁgég C%ﬁg(%F@ggggfséﬁ%cggﬁoyronffhe grouﬁncons?s%an of an
oxi dati on process istagosed teoxeahahe bntign ptesand 186 topTilate; angt hod of cl ai m 48,
49, 52, 56 or K7, further conprising;, perform.n re-treatnment process
prior to for fH ust“i’fbg%'i“%‘i IQXQFER’ET]V%%F l.eg%_ét.‘e H%Oﬁﬁfwgdu‘g?cecq%é}?erﬁn%&%erei n
perform ng a pre-f5RahiPHLsifRIRASS 2 1SATN t3Q@eedRbh Whd1b08p Bbnsts@as bf one
process sel ected fromthe group consisting of an ammonia anneaf rocess and
a phosphi ne annealintprposskistwesh th dielesidloperand cheaomplge ambintegposeds or 57,

wherein formng a djffusjio arrier |layer further, conpri.se epositing a
di ffusion barrier WW&P%‘E&%@CE‘C#W%f’“%@ﬁ&%ﬁ (i:eo(ﬁ t?%‘é)ﬁnﬁfi{d%ﬁ %d wher ei n
formng a di alRedihhGndj@¥§lof hULiRGY aréOGMhé 5@&rﬂ?m@§istnbf1@n@rdaitsjlta@tri c layer
using a second deposi gi on technique different fromthe first deposition
techni que. 6S. ThaliffgsiotolprEer layeli m 67, wherein the first deposition

techni que is perforned under operating conditions to preferentially deposit
the diffusion barrier layer on an upper surface of the insulating |ayer.
69. The et horheakmidoaimtér/condisdrenpacitbestiicnist ofidpms il § wikreinebddiffgsieni s

per formed under . . _ L ) )
barrier layer is overlying and adjoining the dielectric layer.

3. The semiconductor container capacitor structure of claim 1, wherein the dielectric

layer is overlying and adjoining the diffusion barrier layer.

4. The semiconductor container capacitor structure of claim 1, 2 or 3, wherein the

diffusion barrier layer is further overlying a portion of the bottom plate.

5. The semiconductor container capacitor structure of claim 4, wherein the diffusion

barrier layer is further adjoining the portion of the bottom plate.

6. The semiconductor container capacitor structure of claim 3, wherein a remaining
portion of the bottom plate not adjoining the diffusion barrier layer includes a

majority of a surface area of the bottom plate.



operating conditions to preferentially deposit the diffusion barrier |ayer
on an upper surface of the insulating layer and to |l eave a ngjority of a
surface he first conductive |ayer substantially i ol he

ST oo oo RAfitasd) ayer. w0 02/ 0S99s1) PCT/ USOL/ SOQ | 3 BERISead 1O
claim 67, wherein the first depositiompitechnique is selected fromthe group
consi sting of chem cal vapor deposition and physical vapor deposition. 71.
The nmethod of claim 70, wherein the chem cal vapar deposition technique is
sel ect ed- f r orhhe BemigPRAHSLQE SABIABIET FRPaGHOISIHEWES htifckd % ReMheigin thapor

deposi ti on ang.nhaot.0 ' e é ition. 72. The nethod of
claim 70, mgﬁé‘ﬁh&%ﬂé‘%ﬁ@ggﬂlﬁ‘{]}%?é‘%ﬂkg}ég“%?ﬂ %gﬁﬁg](:hni que is selected from
the grd |l p consisting of RF-nmagnetron sputtering and collinmated sputtering.
73. The nmethod of claim 67, wherein the first deposition technique is

. pl asma- 8nhandda seRALUEIONFABICHEISH AT STHCLyOf | hathEran die ifatian 48,
uherei n T of Myagic 1! 4t3hls PafibORbad AUl FRKiaLOIPT ! Ses forming a

di ffusion barrier l"ayer ‘overlying an upper ace of the insulating |ayer
and at least a first portion of the first conductive layer. 75. The nethod

of claim 74, erein remai ni n ortion of the first conductive l.aye
Chel uaed: & Bk Riopfds ot cBREit bt St Sowatns then Gyt 6

The method ofyid @ifmimMigkQtAed h@nﬂﬁ@?m'g%nﬁamg SilRbn hitgaf hdddilicon
conductive layer 1 ncludes at |east 95aI0 of the surface area of the first

conducti ve | aygmniiride7. The met hod of claim 75, wherein the remaining portion
of the first conductive |layer includes at |east 99% of the surface area of
the first conductive layer. 78. The method of claim 74, wherein formng a

di ffusi qp, barthe@Emic@%@ictdrtchifler 6aRTbSeRchudd 8F Oigind] 6 4, fasdranaar rier | ayer
conprising a dielectric material having a diffusion rate for

oxygen- cont aidifileririe seet ie overhang angd adieiemetthahottorg plataaidgrparigreofithe t he

oxygen cont ai_ni PEC] L hrough the insulating |ayer. WO 112/ 11;91i 11
PCT/ USI I 1 h( isgqu' égq%{ng‘ﬁﬁtge%¥%bd of claim 74, further conprising:

perform ng a post-treatment process on the dielectric layer prior to
fornung the second. i ) i )
11. The semiconductor container capacitor structure of claim 1, 2 or 3, wherein the
dielectric layer comprises a dielectric material selected from the group consisting of

silicon nitride, silicon oxynitride and dielectric metal oxides.

12. The semiconductor container capacitor structure of claim 1, 2 or 3, wherein the
insulating layer comprises a dielectric material selected from the group consisting of

silicon oxides, silicon nitrides and silicon oxynitrides.

13.  The semiconductor container capacitor structure of claim 12, wherein the insulating

layer comprises a doped silicon oxide dielectric material.

14.  The semiconductor container capacitor structure of claim 13, wherein the insulating

layer comprises borophosphosilicate glass.

15.  The semiconductor container capacitor structure of claim 1, 2 or 3, wherein the
bottom plate comprises a conductive material selected from the group consisting of
conductively-doped polysilicon, conductively-doped hemispherical-grain polysilicon,

metals, metal nitrides, metal alloys and conductive metal oxides.



conductive layer'. 80. The nethod of claim79, wherein performng a
post-treat nent process conprises performng at |east one process sel ected

fromthe ouR<§RNsi sting of an oxidation process and a r I kR
process. génﬁﬁh%gﬁethod of claim48, 49, 52, 56 or 57, mhgggh%ﬁpﬁﬁg?ng a

di ffusion bwier layer further conprisgs formng a diffusion barrier layer
overlying at |l east a portion of a surface of the insulating |ayer adjacent
the container hole and adjoining a first portion of the first conductive
| ayer, dAd wHée e¢micphductiiraop@iner eaplaaijastrpetugedyfslaimnl whereamgichohgmpdatei on of
the first conductive |aygr. 82. Th hod of claim81, wherein the
_ remai ning poF?@Bﬁy%f”¥%éﬁpT#§?n@5ﬁ§%g&%@é | ayer is substantially devoid of
the diffusion ban~ier layer. 83. The nethod of claim81, further
conprising: renmoving a portion of the first conductjve |ayer fromthe
surface 1df t Adeiseisigbaduciy coalpier sajask@trueHEe fchaial hathersan e bgiiomHae met hod
of claim 48, . in farmn i ho ri rt . i ses
Ceaving o oo e g aElsRag el P e lSEq baEh of e chRin GOMRE
substantially devoid of the diffusion barrier [ayer. 85. The nethod of
claim48, wherein: fornung the first conductive |ayer f%rther,cogFrises

for mi ng 18 | ay@ SenicettRIGOpEImer Hiﬂﬁé’éorﬁéﬁ%‘}iﬂ‘l‘g_rql%ﬁ L ridion Wheteipdp Pon in
the container 14?9@9%@% HcBuclfe HialchiblRRiTdh B %raul%onfsgﬁhg@fr conpri ses

formng a first Fcon nitri on the upper surface of the
i nsul ati ng | ageductinelyaloped polypiticdn, oonduttitedhe-dbpgdeliennifpheopal tgrein pelygHidoped

henuspheri cal -grai n pol.ysjilicon; WQ 112/ (1;99; (1 31 PCT/US(11/s(ICU3
forming the dt ‘l‘l%d{‘?tglc,nl%‘é{?%rln?tglﬂl]ﬁﬁ a‘gdi‘?ﬁailé’é@ ni’%élrﬁ Sa second | ayer of
silicon nitride on the first layer of silicon nitride and a renaining

portion of the layer of conductively-doped hem spherical-grain polysilicon;
and forniong tThe ssmrondict@rdutiney eagagijy@rstrhoutchelrclaonbrihsesn thertop plgteds| ayer

of conductivel y-doped | ysilicgn. on. the second | ayer of silicon nitride.
86. The nethéﬁégyngﬁg?%ﬁ%é?myh?ﬂﬁg?ngdﬁg?ising: anneal i ng the second | ayer
of silicon nitride in an o~.ygen-containing anbient prior to
20.  The semiconductor container capacitor structure of claim 1 or 2, wherein the top plate
is further overlying and adjoining a portion of the dielectric layer and overlying and

adjoining the diffusion barrier layer.

21.  The semiconductor container capacitor structure of claim 1, 2 or 3, wherein the
diffusion barrier layer reduces diffusion of undesirable species through the
surrounding insulating layer during at least one process selected from the group
consisting of a pre-treatment process, a formation process and a post-treatment

process of the dielectric layer.

22.  The semiconductor container capacitor structure of claim 21, wherein the undesirable
species include at least one species selected from the group consisting of oxygen-
containing species, hydrogen-containing species, fluorine-containing species and

chlorine-containing species.

23. The semiconductor container capacitor structure of claim 1, 2 or 3, wherein the
diffusion barrier layer reduces current leakage at a corner of the semiconductor

container capacitor structure.



formng the | ayer of conductivel y-doped polysilicon. 87. A nenory device,
conprising: a plurality of bit lines; a plurality of word lines; an array

of menory,cel.ls, .each menory cell conprising a sem conduc t apper
. 3993 . . (ol .
capaci torwfsbtdrzd)a?qﬁﬁe and an access transistor, wherein thetpgrg/clfe\sggﬁ(?'lrgny stor

has a gate stack coupled to a word ling; a first source/drain region, and a
second source/drain region coupled to a bit |line; wherein at | east one

sem conduct or contai ner capacitor structure conprises: a bottomplate

over |l yi . si déwedeinscoaderter cohtdred chprcitonstoctuge ebeleial he} ohhIveicradnéeei n t he

i dewal | s of f.he .contai hol e . fined by. i ng insul ati

Tayer - and wiHERS PBeDGre SAmBr feraE i sRthe SRl B R, o

- region of it9geassRCiREREsAGERSToh RN SoEH @61isis@in%@f3_axﬁ)bﬁ‘jfg%h_-c@ntiirﬁhga%e&je@, | ayer
u

overlying at least a portion of a surface of the insulati nIg | ayer and
i nt er posed bet hxseegenitonotinosneplest eflepithetdontainpg sieatce andaghlariae- f usi on

" barrier layer_ overlying. .a h rdion of the surface of the

msul at i ng. &Sy Br 8 i Raabe! B REULLRR e bl nfifie et oup
consi sting ofthicugRiRasatathetieen the dielectric layer and the top plate and
i nterposed between the dielectric layer and the surface of the insulating

| ayer; wherein a majority of a surface area of the bottomplate is not

cover ed t i.ffuysi I . . I
pCT/ Usorr 51165 A BB o Rbe smelffe G Al 10REIE e iffgion
di ffusi on barbang¢r lhyey eompssesuelidlydtng natdiabhljvangna diffusioa rategbesdypes- | ayer .
89. The nenory device of claim87, wherein the djielectric layer. is .
overlying and-ORHIRINE sRFGIeE Hiat i lpestham 2 dHfysicay rafefgpthe ogggenrrRItHRIRE SDECHSi ce
of claim87, @/8h u@3nsiMifl-Qh,t he diffusion barrier layer is further
overlying a pOI’tuI%OI’l opsthe°bo}t]tlom plate. 91. The nenory device of claim 90,
wherein the diffusion barrier layer is further adjoining the portion of the
Do o P € e o cBactor hithiT Sferalt ! Shétesh AR

barrier layer comprises a dielectric material having a diffusion rate for hydrogen that

is lower than a diffusion rate for hydrogen through the insulating layer.

27. The semiconductor container capacitor structure of claim 1, wherein the diffusion
barrier layer comprises a dielectric material having a diffusion rate for oxygen-
containing species that is Jower than a diffusion rate for the oxygen-containing species
through a silicon oxide material selected from the group consisting of undoped silicon

dioxide and doped silicon dioxide.

28.  The semiconductor container capacitor structure of claim 1, wherein the diffusion
barrier layer comprises a dielectric material having a diffusion rate for oxygen-
containing species that is lower than a diffusion rate for the oxygen-containing species

through borophosphosilicate glass.

29.  The semiconductor container capacitor structure of claim 3, wherein the dielectric

layer is overlying and adjoining the bottom plate and the diffusion barrier layer.

30.  The semiconductor container capacitor structure of claim 1, 2 or 3, wherein the
insulating layer comprises a dielectric material selected from the group consisting of

silicon oxides, silicon nitrides and silicon oxynitrides.



adjoining the diffusion barrier layer includes a mgjority of a surface area
of the bottomplate. 93. The nenory device of claim@87, 88 or 89, wherein
t he diffuahgﬂﬂgﬁgnier | ayer conprises a silicon-based mat rdlsyr/ Aoz The
menory device of claim93, wherein the diffusion barrier |ayer conprises a
silicon-based dielectric material. 95.p4The nenory device of claim 94,
wherein the silicon-based dielectric material is selected fromthe group
consisting of silicon nitride and silicon oxynitride. 96. The nmenory device
of claim87, 88 or 89, wherein the diffusion barrier |ayer reduces
di ffusign of I I r . i I: l.af 1 | ayer
during a1 eAdt R R RRELES R iR SEEERLSE B R e
pr e-tr eat mentlayet eo@piiscsa dopedilic@nopdodiekstr@ntatarif)ost - t r eat ment process of
the dielectric layer. 97. The nenory device of claim96, ~herein the
~undesirabl e species include at |east one species selected fromthe group
consi stixg OmuBEnA00LAIMLAR: SRAEIGSu R OBARRE 9 LR heSRGALES:
fluorine-containing speclres and chl orine-contal ning species. 2/ 11;
99; 11 PCT/ U Skt cHBpiidekbdrcphogBosilibae gwory devi ce of claim 87, 8S or 89,
wherein the diffusion bwier |ayer conprises a dielectric material having a
diffusion rate for at | east one species selected fromthe group consisting

of an_ oxggen-BRnkalQinaciSPeRtSRr c@péa}fglré_?ﬂﬁfh‘r@%lﬁh{‘ﬂ,%éﬁﬁ%&ﬁfﬁ@on_
fluorine-contal ning species and a chlorine-containing species that is |ower
than a di f f udiaomerdayee i asjoining adirstipoatsin efitbe bpttnm phitet dnddbefietehtric lagarliat i ng

| ayer. 99. Th%.nannry deyi%e of g#ahn%Sﬁgl rein the diffusion baiTier

| ayer is adj AHIRGEEFPRPLOIMERAFIGIH 137 PP B om pl ate and the diel ectric

| ayer is adjoining a remaining portion of the bottomplate. 100. The nenory
device of claim99, wherein the remaining portion of the bottom plate

i ncl udes’4a mafhersemycapueiosenniaaiss capasitonstruchee pibelaion?pIvdieecin igrenmiengrenor y
device of claim.87 8.0r 89, wherein the diffusion baiTier .layer and the
ai ol sctri o1 AEpLar e et Prea R B MPaL et Tofihe 12 S e ooBS R o verror
device of claim 10l, wherein the diffusion barrier layer and the dielectric
| ayer are formed using different deposition techniques. 103. The nenory
devi ce oP-cl ailp seoMCon@HEPRERANGE CapacHOstBIst Rt ¢laim Phydieren thetgBaiing ectri ¢

| ayer each C%ﬁéggoﬁéhé b6 pieage{]ih?lggees%ﬁ‘ieas? %, %Ft[H%rsger&VAeroﬂBe b 103,

wherein a first position or depositin
plate.
36.  The semiconductor container capacitor structure of claim 34, wherein the remaining

portion of the bottom plate includes at least 99% of the surface area of the bottom

plate.

37.  The semiconductor container capacitor structure of claim 1 or 3, wherein at least 95% -
of the surface area of the bottom plate is substantially devoid of the diffusion barrier

layer.

38.  The semiconductor container capacitor structure of claim 37, wherein at least 99% of
the surface area of the bottom plate is substantially devoid of the diffusion barrier

layer.

39.  The semiconductor container capacitor structure of claim 1, 2 or 3, wherein the
diffusion barrier layer and the dielectric layer each contain the same dielectric

material.



the diffusion barrier layer is performed under operating conditions to
preferentiall y dep05| t silicon nitride on an upper surface of the
i nsul ati ng.d q o 105. The nenory device of claiml 04, vvhq,rcer l[é()]i/bl%().{i rst
deposi tion nlque is perfornmed under operating conditions
preferenti al I y deposit silicon nitrideyon the upper surface of the
insulating layer and to leave a majority of a surface area of the bottom
pl ate substantially devoid of the diffusion barrier |ayer.
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forming a first conductive layer comprising a conductive material selected from the
group consisting of conductively-doped polysilicon, conductively-doped
hemispherical-grain polysilicon, metals, metal nitrides, metal alloys and conductive

metal oxides.

50.  The method of claim 48, wherein forming a first conductive layer further comprises

forming a plurality of conductive layers.

51.  The method of claim 48, wherein forming a first conductive layer further comprises
forming a first conductive layer overlying and adjoining the sidewalls and the closed

bottom of the container hole.

52. The method of claim 48 or 49, wherein forming a second conductive layer further
comprises forming a second conductive layer comprising a conductive material
selected from the group consisting of conductively-doped polysilicon, conductively-
doped hemispherical-grain polysilicon, metals, metal nitrides, metal alloys and

conductive metal oxides.

53.  The method of claim 48 or 52, wherein forming a second conductive layer further
comprises forming a second conductive layer overlying and adjoining the dielectric

layer.
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insulating layer.

56. The method of claim 48, 49 or 52, wherein forming a diffusion barrier layer further
comprises forming a diffusion barrier layer comprising a silicon-based dielectric

material.

57. The method of claim 56, wherein the silicon-based dielectric material is selected from

the group consisting of silicon nitride and silicon oxynitride.

58. The method of claim 48, 49 or 52, wherein forming a diffusion barrier layer further
comprises forming a diffusion barrier layer overlying and adjoining the upper surface

of the insulating layer.

59.  The method of claim 48, wherein forming a diffusion barrier layer further comprises
forming a diffusion barrier layer overlying and adjoining the upper surface of the
insulating layer and further overlying and adjoining a first portion of the first
conductive layer, wherein a remaining portion of the first conductive layer includes a

majority of a surface area of the first conductive layer.

60.  The method of claim 59, further comprising removing any diffusion barrier layer from

the remaining portion of the first conductive layer.

61.  The method of claim 48, wherein forming a dielectric layer further comprises forming
a dielectric layer overlying and adjoining the first conductive layer and the diffusion

barrier layer.
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65. The method of claim 48, 49, 52, 56 or 57, further comprising:

performing a pre-treatment process prior to forming the dielectric layer.

66.  The method of claim 65, wherein performing a pre-treatment process comprises
performing at least one process selected from the group consisting of an ammonia

anneal process and a phosphine anneal process.

67.  The method of claim 48, 49, 52, 56 or 57, wherein forming a diffusion barrier layer
further comprises depositing a diffusion barrier layer using a first deposition
technique and wherein forming a dielectric layer further comprises depositing a
dielectric layer using a second deposition technique different from the first deposition

technique.

68.  The method of claim 67, wherein the first deposition technique is performed under
operating conditions to preferentially deposit the diffusion barrier layer on an upper

surface of the insulating layer.

69.  The method of claim 67, wherein the first deposition technique is performed under
operating conditions to preferentially deposit the diffusion barrier layer on an upper
surface of the insulating layer and to leave a majority of a surface area of the first

conductive layer substantially devoid of the diffusion barrier layer.
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74.  The method of claim 48, wherein forming a diffusion barrier layer further comprises
forming a diffusion barrier layer overlying an upper surface of the insulating layer and

at least a first portion of the first conductive layer.

75. The method of claim 74, wherein a remaining portion of the first conductive layer

includes a majority of a surface area of the first conductive layer.

76.  The method of claim 75 wherein the remaining portion of the first conductive layer

includes at least 95% of the surface area of the first conductive layer.

77.  The method of claim 75, wherein the remaining portion of the first conductive layer

includes at least 99% of the surface area of the first conductive layer.

78.  The method of claim 74, wherein forming a diffusion barrier layer further comprises
forming a diffusion barrier layer comprising a dielectric material having a diffusion
rate for oxygen-containing species that is lower than a diffusion rate for the oxygen-

containing species through the insulating layer.
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10y & 10%4& ()suded éﬂ%‘ﬁas@au?{é layer adjacent the container hole and adjoining a first portion
of the first conductive layer, and wherein the dielectric layer is adjoining a remaining

portion of the first conductive layer.

82.  The method of claim 81, wherein the remaining portion of the first conductive layer is

substantially devoid of the diffusion barrier layer.

83.  The method of claim 81, further comprising:
removing a portion of the first conductive layer from the surface of the insulating

layer adjacent the container hole.

84. The method of claim 48, wherein forming a diffusion barrier layer further comprises
leaving a majority of a surface area of the first conductive layer substantially devoid

of the diffusion barrier layer.

85. The method of claim 48, whlerein:
forming the first conductive layer further comprises forming a layer of conductively-
doped hemispherical-grain polysilicon in the container hole;
forming the diffusion barrier layer further comprises forming a first layer of silicon
nitride on the upper surface of the insulating layer and a first portion of the

layer of conductively-doped hemispherical-grain polysilicon;
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forming the second conductive layer further comprlses foumng a layer of

conductively-doped polysilicon on the second layer of silicon nitride.

86.  The method of claim 85, further comprising:
annealing the second layer of silicon nitride in an oxygen-containing ambient prior to

forming the layer of conductively-doped polysilicon.

87. A memory device, comprising:
a plurality of bit lines;
a plurality of word lines;
an array of memory cells, each memory cell comprising a semiconductor container

capacitor structure and an access transistor, wherein the access transistor has a

gate stack coupled to a word line, a first source/drain region, and a second

source/drain region coupled to a bit line;
wherein at least one semiconductor container capacitor structure comprises:

a bottom plate overlying sidewalls and a closed bottom of a container hole,
wherein the sidewalls of the container hole are defined by a
surrounding insulating layer, and wherein the bottom plate is coupled
to the first source/drain region of its associated access transistor;

a top plate;

a dielectric layer overlying at least a portion of a surface of the insulating layer
and interposed between the bottom plate and the top plate; and

a diffusion barrier layer overlying at least the portion of the surface of the
insulating layer and positioned in a location selected from the group
consisting of interposed between the dielectric layer and the top plate
and interposed between the dielectric layer and the surface of the
insulating layer;

wherein a majority of a surface area of the bottom plate is not covered by the

diffusion barrier layer.
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91]. The memory device of claim 90, wherein the diffusion barrier layer is further

adjoining the portion of the bottom plate.

92.  The memory device of claim 91, wherein a remaining portion of the bottom plate not

adjoining the diffusion barrier layer includes a majority of a surface area of the

bottom plate.

93.  The memory device of claim 87, 88 or 89, wherein the diffusion barrier layer

comprises a silicon-based material.

94.  The memory device of claim 93, wherein the diffusion barrier layer comprises a

silicon-based dielectric material.

95. The memory device of claim 94, wherein the silicon-based dielectric material is

selected from the group consisting of silicon nitride and silicon oxynitride.

96.  The memory device of claim 87, 88 or 89, wherein the diffusion barrier layer reduces

diffusion of undesirable species through the surrounding insulating layer during at

least one process selected from the group consisting of a pre-treatment process, a

formation process and a post-treatment process of the dielectric layer.

97. The memory device of claim 96, wherein the undesirable species include at least one

species selected from the group consisting of oxygen-containing species, hydrogen-

containing species, fluorine-containing species and chlorine-containing species.
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p01 thl’l of the bottom plate and the dlelCCtl‘lb layel is adjoining a remaining portion of

the bottom plate.

100. The memory device of claim 99, wherein the remaining portion of the bottom plate

includes a majority of a surface area of the bottom plate.

101. The memory device of claim 87, 88 or 89, wherein the diffusion barrier layer and the

dielectric layer each contain the same dielectric material.

102. The memory device of claim 101, wherein the diffusion barrier layer and the

dielectric layer are formed using different deposition techniques.

103. The memory device of claim 101, wherein the diffusion barrier layer and the

dielectric layer each contain silicon nitride.

104. The memory device of claim 103, wherein a first deposition technique for depositing
the diffusion barrier layer is performed under operating conditions to preferentially

deposit silicon nitride on an upper surface of the insulating layer.

105. The memory device of claim 104, wherein the first deposition technique is performed
under operating conditions to preferentially deposit silicon nitride on the upper
surface of the insulating layer and to leave a majority of a surface area of the bottom

plate substantially devoid of the diffusion barrier layer.




