; GHI Je3ef d. 6TFf WO 112] 193) 8 PLANARI ZATI ON OP MBTAL CONTAI NER SRUCTURES
H ELD OP THE I NVENTI ON The present invention relates generally to the
fabrj cation of 5 sem conducti et nd wore particularly, to a nethod
of form ng conductive materi aJmmﬂm%mm[m@mrng in a sem conductive device.
The i nventi %0 w@NsWsrel ates to the structures formed accoPHTHYH% he
vari ous enbodi nents of the nethod fi®¥%ein set forth. 10 BACKGROUND OP THE
IN VENT' ION In the fabrication of integrated circuits, various |ayers, e.g.
conductive | ayers pRANARIZATION OF/METABCGONTAINER SRUGEURESe during the
formati on of sem conductor devices, such as dynam c random access nenories
(DRAMS), insulating layers arc used to electrically separate conductive
| ayers such as doped 15 polycrystalline silicon alum numnnetal silicides,
etc. It is often r~~uiured thdfFIELT: OBTHEINVENEKINS be interconnected
t hrough hol es or openings in the insulating |ayers. Such openings arc
comonly referred to &hequescaminvantbr sclates gaperalli eonthe abrigatiom afg  ext ends
t hrough an insulating |layer to an active area, or vias) e.g. when the
openi ng ekt esmusicendustivthdexices, andimerd pagriqularty; temgrhed of fyming renductive | ayers.
The profile of an ZO opening is of particular inportance such that specific
char act eri st maserighin aneopsoing &y e semipandugtivesievise+ The ingention\alsg relafesiothr ded sad
then filled with one or nore Conductive materjals. Conductiye paterials are
al so fornmed bwmcprenfoimsd aFrording P’W“éé}‘tbamﬂ“wfé@emé&ﬁ‘éﬁﬂhﬁtors f or
use in sem cgnductive devices, e.g. DRAMs. Storage 25 capacity and size are
i nportant ch teristics of a storage cell. Generally, a stor

STI TUTE SHEET (RULE ~fil  r~ WD 02119398 - is formed wthmﬁlmmwmwmlc
constant material interposed between two conductive el ectrodes. = OF e
| ayers o,yarious conductiv } el ectrode’ *
mat eri al .18C0nt ai ner-type cmmﬁétru m@gfal l'y include the
formation 5 of an ins i . I [.Sti . p hCh. has been
formed over a subst ra;ié,%éaﬁgml[aﬁéﬁBg%gc%aﬁgékﬁlﬁg’?}éﬁ%ﬁﬁtgg'tcﬁgaﬁ%ggl ative
| ayer. These nj : C ::HH& Lyw 1 s e.g. for a
tell capaci tgygg\/\/ﬁ%@g&un%&ﬁ g?‘ﬂg‘gﬁ%ﬁghg}?ve %Féﬁ@?ﬂ{g%&%gﬁ%cti ve pl ugs,
active subst - A B GRACHhd ; mﬁsgs\(z be used for

E%&ﬂ&g?ect r (%;ég%c%,;? ﬁ%&%g fm&’ﬁ% bMSn%;gr nme

form ng the bottom capacitor 1s thin 10 the

Openi ngs, anghslingiapcts B2 usH RikcRRally Vepitite RbndudtivdtaferOfuch Beddpegul ati ve

| ayer as
15  polycrystalline silicon, aluminum, metal silicides, etc. It is often required that the

conductive layers be interconnected through holes or openings in the insulating layers.
Such openings are commonly referred 10 as contact holes, ¢.g. when the opening
) extends through an insulating layer to an active area, or vias, €.g. when the opening
extends through an insulating layer between two conductive layers. The profile of an
20  opening is of particular importance such that specific characteristics can be achieved
when a contact hole or via is provided and then filled with one or more conductive
materials.
Conductive materials are also formed in openings when providing certain
storage cell capacitors for use in semiconductive devices, ¢.g. DRAMs. Storage

25  capacity and size are important characteristics of a storage cell. Generally, a storage cell
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well. A layer of oxide material may then be used to fill the opening over
the conductive material. Thereafter, this oxide mat,e.(ial is renoved to
expose the |l ayer of conducthve material The exposed layers of conductive -
mat eri al which are outside of the opening t, g. which are over the top
surface of MWROYMME ative |ayer, are then 15 renoved to é’syéeg'a{%%

nei ghbori ng conducti ve openi ngs, thereby form ng individual containers with
exposed insul ative material between them Next, the oxide material still
piling the c@fduatd withapdideonic constaptmutedallintarposeg behwecopwoicogdedived with a
bottom el ectrode for use in formng the contai ner-type cell capacitior.

St or age capaelecirodesd Qiueer raome liyarsof varinus corduatveandternialcmay he nsedisthege cel | .
20 One way to retain the storage capacity of a device and decrease its size
is to increaskectrhde thateriskt ri ¢ constant of the dielectric |ayer of the
storage cell capacitor. Therefore, preferably a high dielectric copstant
material is utilized iGoaisrl-ore Phepidiforsgpsiue psacracinclude the fornatioes. |
Many conductive metals such as plati num rhodiu iridium, osmu as wel I
as ot her & o@fawinsplaths layes ,OV%PWEIQPOWH%V‘A@FQ*béF% Ped oxerA upstgate
SUBSTI TUTE 8HEET. ( RULE, 26) ybstjtute Sheet - 28 My, 2003 copper

silver and génd thenRpeajagsaree intQ the igsylave fayer. These op Gliﬁw‘a%g“t“f’ieir

RIS EE U ASREL 6, L RE RIS
such 25 Pl oL Lol o, LSk Aol e kb PO ol
IS LR TR P SR R B Bl EALE QR e
128 10N hOohAen Sy 48 At Ol SRS o B e e e
capact Lo B Hf Suge Tl pap b 20t OSB! 1 v

is formed ovebndiRivERiatdrial. aPREealier, ids 680MERA s rembled (HCexBERthe ydrof Upon

pl anari zation, the upper portion of photoresist layer 25 I's renoved al ong
with the por tcbatiuddive iateridb tFile dxpyset layers oheotduttive ansteriati@hith atdwutsdesf ng 15,
resulting in the nondashed |lining portion 30. However, as shown in Figure 1
A, the netal theogru‘xﬁmccgewchaﬁh over tHErOp ARtfacd oftheinsulithie layegiafdchen edge of
the opening 15. The netal nmaterial is pushed into 15 the center of the
cont ai ned5opeemogedith sgsarare peightsoringdohguativodaings thé@Ebydforming itdieidual

pl anari zati on process. Such deformation of the metal in the container
openi ng 15 prontaness with expoerslinsubitive pratriiall tetvsen themn. f Nexththe gridebharesidli ¢ i n
renmoving the resist material 25 fromw thin the opening 15. As shown in
Figure 1 H, a&tl 6Hingshe gandirtmopsring isacmaved; letvingithe opening livedwithaa bogoR0
shown wherein the netal |ayer 20 is not planarized, but instead is etched.
However, upomlegEpdéfor Mpeig fouming thegonmineetype oelkrapacites t he i nsul ative | ayer
127 the photoresist layer 25 is pulled back away fromthe netal |ayer,
thereby al |l owi ng for uHAEEs FRAHY and §2¢ atc ippportast chascteristicsiin a svamggicell.ayer as

shown by .t he undesirably etched regions. 40 in Figure 1 B. . WD U2/193!8
PCT Us 3202 DR W1 TeinsBe SOTAEE CaPAciy of a dleyife andsitgrense fig Alzs s to IRARENDE of

7
form ng conduyctjve teri i & openin I n_sem conduct or devi.ces. There is
al so a need ;ﬂbeflécééq[@gg:[&dﬁ ﬂ?‘égﬁﬁgﬂ*’g&ﬁfﬁﬁo’wﬁ&@ﬁﬁ%@m Fefores For ned
there 5 SU I i th ¢he invention there is
set forth g/l\/ﬁi,? Hogy-cj);f"%lr ovilégli é\%{'@5%’%cﬁél?%%ﬁﬁ%*‘gra@#“ﬁﬂma‘ﬁmﬂﬁ’é ng. The
process i nvolyy I eﬁ&éﬂiﬁ‘.%fih Sxlidei tﬂ?@u I ! n nd over
at least a porﬁ?gn o?cg e I nsul af?v_e En%"tc\eﬁr?ﬁ al %F@{“#@"ﬁ%ﬁg@ﬁ@r >t he
openi ng. NeXismfinilGk Mell 206her GioRP VI thedBLEH bffer h%ﬁiﬂynr@&n&\fﬁcrﬁ% clggast a
portion of the conductive material such t'hat at !cast sonic of the i
netal -containing material is |located in the opening. At |east a portion of
t he conductive ~nnaterial outside of the opening is then renoved
Thereafter, at Least a portion of the netal-containing fill material which
is inside the opening is then renoved. 15 The invention further provides a
nmet hod of formng a bottomel ectrode of a capacitor. A second conductive
material is provided within an opening in contact the
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first conductive material. The second conductive material is also provided
"over at least a portion of an insulative material which is outside of the
opening, Next, a netalcontaining fill material is provided over at |east a
portion of the conductive material 203which is inside the QipRnuSRéEl Whi ch
i's over the insulative layer as well. At least a portion of .b§fay 2003

netal -containing fill material which is inside the opening is next renoved
and the second conductive material thereby foans the bottom el ccuode of a
capacitor. Also included is a nethod of providing a conductive material in.
an openi ng 25 which has been provided in an insulative material over a
substrate, wherein the opening 8UBSTI TUTE SHEET (RULE 26) WO 111/19398
PCTI USOL X2ppeassitvsn and geldaand Group dllp end IVommetals, kg. shidnymi and their alloysaare

ductive . ial ited .oy i f the inside of
Che- openidryrariclsgendeTpaeaS ForSuestHiEh oRtesn e oo BaPHobti®Br "t e noul a i ve
material whi ctHéwewe farficofithefopdirg tetal¥e k. GRoup VIIEHO@R¥udh &d pldtifirh lor

materialris deposited over at |east a portion of the conductive material S
whi ch i s platinum jsHoys, suchc as patinumrrhedium, care (194 taasil e planariged. c FAn dllasteative he

ol g . . . . X :
ot o 51 TaReRtdroBittls ot ih FipRE T, Meu't MRbvER ey chotpht BHEDEC
t lﬁng_st enl-de_r‘deﬁ‘iidE&ndgct_i\ie: clcvit:etlgﬂéI | Ah %mnuﬁva;myeﬂ _lwiscfo'ﬁmed oRéred hgistrgrﬂﬁi 1ah As o?/er
the I nsul atiyve terial outs)] { he openin 's then renpved, e _renova
is eff ectoeemsg_lgﬁgﬁgmegae ft'*emmﬁj@k‘fe, la&B I oatdich atops Pt suistace RE thegsubstrate
tungst en-Go ”F@T&SJ{A Q?O\IJ o eledtfdlde ok %ttorhselécﬁ%%’ 8f afcragél?ittop-g;ép%ps%'cﬂge AL N9

ct of t S a substra

t o anot her aspe e Invention, a structure conpri e with
an i nsul dayey @0nintformexl ovey dhie insalatviblayernarsl asTdiningiin openingal 5c oTheresfterpa

terjal f d t. t ti ft f f..th i d
ol ! g T s SR s et 38 5 et oL G P e
openi ng. lﬁ%@%ﬁﬁs&%@hgget}qﬂm& bf photOREHH lagbr 25 if AMBWEdWEHg Rith! RaSt a

portion of conduct’i ve erial which is inSide the opening and which is
aver t he portsani af theemetal dayen R0 ovhich @ outhide fcthé ngenisgdh, resaltinghia the non-

oSBTl Brbohaor Bl ok BB TR 1 bl bR SR 7
i nsul at | \seheBRIdt it uppée gefg‘iéiﬁorsédgé fof #eCopefingOl5d Urtid MetalRiafiabis ﬁt%hé@fd@d

over substantially all 20 the inside surface of the opening A
t ungst®n-thorcenteniafgthei ¢antainercppening 451 8y meptessnied by eprojeetdorc t35v durieg ¢hé¢ al

d substanti.ally fills th i ng, duct | terial apd t
B oo o ARt Aot rhbds SR PRSP L8 B S Pl S Be R bl ¢ e
openi ng. aff drdediRdle pRENOShDOTs fufRer pRYBBINGHE inl FetSi@ig! thel rasibOmAteRal 25 Bt OM

el ectrode of 25 a capacitor and a bit line conductive plug in a
sem condyithin thewening 15A first opening i s SUBSTITUTE SHEET (RULE 26)  ~-t

2/ 193! I ' , f i 8y
o er i alproviAETH Gedre 8y 4 Ftht AP dpBided AU e { A 1,
por t iz Ghowh evh@rein teanétal layéri 20sis noopldhiarized! couriistéadab etchedi cHoR@verQapoict i ve

material is then &rﬁovi ded over a}( | east a Porkiaon of the surface of the
openi ng Wit efehing the ragsak layer 2(} backte dhe insulative,layerc1.\the photeresist laygs 23y 1 a'

over at pulled back away from the metal layer, thereby allowing for undesirable removal of

portions of the metal layer as shown by the undesirably etched regions 40 in Figure 1B.



5 least a portion of the surface of the insulative material which is
outside the opening. A protective layer is next proyided over the second
conductive maxrial. A s~ecoad opening is thin provided through the
protective | ayer and through the second conductive nmaterial which is over.
the insul atWOd2Me¥%erial, as will as through the insul ati VEI/HRTPG| . At

| east a portion of the second opening contacts a third Z 0 conductive
material. The protective layer is then renoved, A netal-containing $lI
material is next provifhes tharerexisioa meadimtie e folacawmetatcof faining)i ch is
inside the 5rst opening and which is over the insulative material outside
of the openi aghdutthe matzdl in opsisgsin samitenductrtdevices. Therd wristemegd fori ded
over the second opening sash that the netal -containiag fill material at

| east part i abetperistrivtarey oontaining donductive nBtegiabfosmeddgredpeni ngs. A bit line
conductive plug is thereby fornmed i the second opening. Next, at |east a
portion of the netal -containing &l! material and the conductive nateri al
which is over the insulative material outside of both openings is renoved.
Thereafte?, ax least a portion of the metal-containing fill matxrial from

the first opening is renoved so as_to . formthe b el ectrode of the

capaator. 20 The invention aﬁgmggmﬁb&gganari zing a

conductive malarial_forned over, an,openi ng, Wi t hou ubstanti al |y, def orm ng

the material The coﬁbﬁf&?ﬁdﬁeﬁﬁﬂb&‘% °P§°‘bghﬁr&@t‘8#°ﬁgtaﬂ”g%ﬂé? mg\‘i‘f‘ﬂgaﬁ ni ng

fill maternal such that .the fill 'mt'ﬁ{li,?al e.Conductive materi al
€

and iat | east © ?"é:W I“f%“F 9‘;%"@8%%5%]%&&% UHVnd the
R T
(e, SN | Uil A S LSRR a0 T
present 'nve@z?elugpiogﬁlc;cgga HYE niHRAal SR e Ve BAPRURELE chE ErallBfialnilg O NG

detail ed des W ngs I ch strate various exerpl ary

enbodi ments g, i lo@.ﬁl%&‘id %oﬂgrggﬁﬁkgﬁmﬁc &ﬁu@ﬁkﬁm Bhaigees | A

and 1B illustrate problens as pl anari zi ng conductive x0 netal

devices. Fi Qﬂfﬁe%?ﬂhﬁg B thérPiehioved. | TRGQ@ftel, a8 Wafths pRrticd GfARE théal-encdififgce 1 N
au internedi ate stage of Fabrication. Figure 2Bis a cross-sections!” view

of the devi cfill alagaial which isGhside tRé\ opénify fs thidnemosédage of fabrication. 1.5
Figure 2C is a cross-sectional view of the device shown in Figure 2B in a

further F3age of f aDhd ineérdon. fuftheprovidddainetbbd of forming abotesd dedistide vf €W of
device shown in Figure 2B in a her stage of fabrication. , Figure 2Eis a
Cross- sect i ocaphacitare W sedondrendweative enatdnial/in pravided guirhin $Hpenirg ifdkcdnméthhe St age
of fabrication. , Figure 2P is a cross-sectional view of the device shown
in P;guce 2FfiishcondictivemateriahgThefcconditoniductiveomterial iyalse pBovided cxer at least
cross-sectional view of a further cm bodi ment of a sem conductive device in
an) i nt er medi apertiopnfan isulpbve matorial wiichis guEdT oftbT opedegENextRUMERG)

containing fill material is provided over at least a portion of the conductive material

20  which is inside the opening and which is over the insulative layer as well. At least a

portion of the metal-containing fill material which is inside the opening is next

removed and the second conductive material thereby forms the bottom elecuode of a

capacitor.

Also included is a method of providing a conductive material in an opening

25  which has been provided in an insulative material over a substrate, wherein the opening
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W UzZIl13~~8 PC~"/USI I 1/27138 Figure 3B is a cross sectional view of the
device shown in Figure 3Ain a further stage of fabrication. Figure 3Cis a
cross sectional view of fhe device shown in Figuré&-3B in a further stage of
fabrication. 5 Figure 3D is a cross sectional view of the_device _shown in
Fi gure 3C | Wonfig®8 her stage of fabrication, Figure 4A i BCHURMBES sectional
view of a further enbodi nent of a sem conductive device in an internedi ate
stage of fabrication. Figure 4% is a cross sectional view of the device
shown in Fi gipgradia itfRe pOrtion dfithe subbtzge Bitstf adamidoctivieamrerial iydepositél i s a
cross sections! view of the device shown in Figurt 4B in a Further stage of
fabrication Igvetst@adt postion of dhednsidecsfitheepeningandwver ddeastarnpagdorspoha i n
Figure 4Cin a further stage of fabrication. 15 Figure S5Ais a

cr 0ss- sect i oBaffaceiofuicansldtive rinteriabwhichl isrostsidehe gperung.cBisxtus tungstedrevi ce i n
an internedi ate stage of fabrication. Figqure 58 is a cross sectional view
of the devi ceostaimng filhmBegaliedepusited over atleases pertion ¢f the copdwstivematesial Fi gure
5Cis a Cross sectional view of the device sho i,n Figure 5B .in a 20
further sﬁagw@ﬁgﬂtmmur&mpwngapé&swb@&'?@gnd‘é‘ggyéeﬁfdh%m%% of the

device shown in figure 5Cin a further stage of fabricatjpn., Figure S5Eis a

cross secti onmdterial ensige of the Qpeninge ALtRARROIDE the fARBsteR M 3 leagt Yst age
f fabricati . . R suesTI.T SHEET LE 26 WO, U211939i i, ,PCTI USU1127138
2l qure e 1 s Bl thespeniage A lrethe BATEUR OF OF Russietr o bR AL RREAIR S | 1
furth t f fabricat] Fi 5G i sS,. ' ' th
ovi co. shows coRtusEemasanl Yhich SSRFT e mskBuR AlPAS Qs Bl Boonthfilu 0 |

| ock di f - . Whi i s ted
T cutt st nawenpyed JHRGEOH A rpRe by BAEIIN Ktk R BHl 6862, T,

[ ' EBEED EMBODIVENT Th
PLSZ(;H oI Wﬁ%&é@%@é@@%rﬁﬁ}%%gﬁﬁgt 0 a met hod of proSi di ng
a conductive materi 'ca@u%&o- qgs;ﬂcm E&oﬁﬂﬁ%ﬁﬁ&ﬁl&%\{ﬁr@&i&pﬁﬁesﬁnd to the
g\ecre F&m et or ehce {

structures fornmed t erein shall be nade to the terns

"substrat e’ %ﬂ&&@g%%@a&@ Bktedd) SvéP thesubiiite STREH ifdsol tohdalitve Silicon,

a silicon-on-1nsu or silicon on-sapphixe (SOS) structures doped

and undoped ST RiFteH lov&aSat (@R 4 portiG of thy RirfcObS dicloperifg Babever helehsby a
base sem conductor foundati on, and ot her seni conducti ve

portion of the insulative material which is outside the opening. A tungsten-containing

15  fill material is formed over at least a portion of the conductive material which is inside
the opening and which is over the insulative material outside the opening, such that
the tungsten-containing fill material at least partially fills the opening.

) Another structure of the invention also contains a substrate and an insulative
material over the substrate. A conductive material is formed over substantially all of

20 the inside surface of the opening. A tungsten-containing fill material is formed over
the conductive material and substantially fills the opening. The conductive material
and the tungsten-containing material are substantially co-planar at the top of the
opening.

A further method of the invention is useful in forming a bottom electrode of

25  acapacitor and a bit line conductive plug in a semiconductive device. A first opening is

L]
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structures, In addition, when reference is made to a "substrate"” or "wafer"
i'n the foll ow ng description, previous process steps, nay have been utilized
to f-ormarrays, 20 regions™r junctions in or over the base sem conductor -
strucutres or foundation. In addition, the sem conduct or',éx%ﬁ.q}zﬂln need not
be silicon-WRMA?%ut coul d be based on silicon-gernaniuny gernmani um

i ndi'um phosphide or galliumarsenide. Tlte term"substrate" as used heron'_
may also refer to any type of generic base or foundation structure. 9
SUBSTI TUTE 8piidedRhidmgiahe surface/\f apinsubgive marcripi providedraven 2 sutstrateiin ghe 5g4i n
to the drawi ngs, Pigusc 2A illustrates a aem conducdyc devi ce 200 i ux an

i nti erncdi at ded¢ea 1 atieastcaperion ofyhe MReIag contags frst eonduetivg mp ayer
214 of material preferably insulative material such as,, for, exanple,
silicon di oxiAdecand @adyctivieaaiserial isjthenprowd a‘gsazlswse;quoaﬂﬁ%ug@wﬁ he
substrate 212. The layer 214 5 has, op surface 215. ,Ati opening 21b its
fozmed in thehq epraing ¥hich, 11 gonfagtwi °EﬁBVWdiuﬁu‘f°Hani“%ﬁ a%?‘éf?rﬂ e, wet

o or n e ¢ et Mo SER Shi of i bk PSRN R S3hRE OB &L V'
f ted, by the. ted,li 217). .Th i i ncl ud
= bot £ om o REGHT s BPRPRFLOvBE e igng Earldricid B BRET Wil | 7 1708
218 i l.ly, i tal f f . Whi t i 220 t end.
Pihe o de wnopeng s e PR sRBLEF e RS S el bl Virohall e Brod 720 B C0
218, as shown iﬁ’

shape, depend?™ cglﬁ%ﬁ'%:ﬁ&mc?ﬁ& g%ic%a@’%ﬂuﬁﬂg#%ﬂ&?%é&ﬁ%énm e or

€ particu I ronmeat use e openi ng.

| or eover, . lafiGial? ' aces Dibldsi de wal | s
2;3) can be a%/}ﬁls %‘g]eeo@lasw féﬁllgﬁ%pﬁﬁgpﬁfeggéagmti%gé{%ﬁﬁi I'Ted artisan,

incl udingpa g&RRICALE thake¥ihl, %dgﬁa&cm%is ke rRnBRG, ToMebfcditdihng IS, one
illustrative nethod of‘ formng a conductive material in the opening 216 is

described. ApGenfiliineXeproRtied bidr ticsécond copdueerle Mmetdtial Widicsid idsaieatic 8%8, 220
whi ch define the opening 21d. The conductive material is foamed over at

| east a port ippeniff abdwhithif Gvee thedisulitve deerislroneside of thespenirgl y s f or med
over a 20 majority or even substantially a!l of the inside surfaces 218,
220. The conduct i ve Tirtmetiladonmifing ll mawrid infrdesprositedovea thesecond or nal |
single layer of materlal in Fgure 2B, but thost skilled in the art wll
recvgai ze t hapedihg suabrthiatrhe wetalwortmining fiiagatena) ableastpartiatlydfills bethcthn figst nal |
sad may al so be conprised of two or nore layers. The conductive nateri al
222 i s ddSablhgd serdned openifigse febis lineeanductive plyg\s therebyformed in thesedomd with 25
their alloys and conposites, and thus can include platinum palladium

rut heni um ~t OpeniBgr %etmﬂomméwtd@nm owteria! adthe)s01/ 27138
iridium osmumand rhodi um, 6 and such_ alloys as_platinumrhodium Platinum
i s the pref ecerdncaysmmaterial whigh isoverthe insulagvg material pptside of both operiRsss ¢ he

e DL AU S LS ARl 7
LS, e A BB B o Bl 051
ow presdlire chem cate Bt Rl ey RBb A e PhngSBRRG el
deposi tion (Rytded dobf st &RBlod wilbut substantially deforming the matexial. The conductive

material is contacted with a metal-containing fill material such that thc fill material is

"

over the conductive material and at least pardally fills the opening. The conductive

material and the metal-containing £ill material are then planarized such that a top
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"~ and electroless plating. Preferably, the conductive material 222 is
formed to a | O thickness within the xa~age of a few Angstronms to sever!
hundred Angstroms, which can.vary according to the*needs of the skilled
artisan. As further shown in Pigure 2B, the conductive rrgé_@%,?,lm 2
preferably Waw@H#¥8outsi de of the contact opening 216 an the top
surface 215 of the layer 214. The conductive nvaterial 222 is prekxabiy
formed over substantially the entire x 5 surf~rce of the Layer 214 as shown
in Figure 2$pofionefthdeoddoctnednaerial amhthe fill anatexial arcisubpssantialiyeo-planss svithent | y
et ched back. Al so shown in Figure 2B are upptr edges 223a and 223b of the
conducti ve mates pediod F theldpenimgper edges 223a, 223b cxter~d above the plane
formed by the upper surface 215 of the |ayer 214, and they arc bounded by
the respective pl antsidafonaldvansages and featnres of eherpsesantigvensan Mk beor t he
sid~ewa>)s 220 of 20 the opening 2lb. Referri now to Fjguirs and 2D,
after form ngaamecadﬂmnp@mv&omgefqﬂawmz Pﬂ&dagicppﬁ‘%ﬁdiéégw‘éﬁwﬁi&next
deposited over the ton~ductivc nateri al %Ztg._The,fi |l material 2z4 may be
any suit abl eillvatrate vatiouscxemplaryiepbo HIVERRRfuct i ve material 222 tom
substantially deform ng or snearing during a planarization step,

her ei naf her Z5 described. The fill material 224 should also be one which is
itself capable of ultimate |i SUBSTI TUTE SHEET ( RULE 2s) WD U2119398
PCT/ USUl / Z~i 38 renoval and/or planarization. The fill material 224 should

al so be substantially ha t ~ { Wi 222, and even

nore preferably, should ?ﬁgtﬁgcn%@h@??y%ﬁ typ(?écal phot or esi st
erials used int ' ' i @Y1 haridih i :

[ﬁeri al 224 is cor %?pq'?%eqdfsu S g&%ﬁ?&%ﬂ%@kﬁ@?ﬁ&ﬁ@? I, andgfr%édedc%vc

desi r abl %o a tunggl.en- cont aining nmetal, which can therefore include
tungsten,” tungsten alloys, tungsten conposites as well as rungsccn

conpounds. For exanmiggmmw&sss-smaohu%«aﬁa\bem&oadmsdeﬁagﬁwn conpound
highly suitable as aat material 224, x'he Il material 224 rnay be

deposi t ed usiyig %@m&m&@n t ecl udques such as GVD or LPCVD, using
WF6 and sil anc ?%I H ~), for exanples, as reactants. Ot her suitable EIl 10

material can incl udgihick aB/i dfosaedtvnalivivey oftha deviceshowh ircBiguier2d inde
titanium titaniumalloys, titaniumconposites as well as titanium
conpounds  SuUGhtké staft of fabricatiphe, titaniumnitride (TiN). Preferably, the
fill material Z24 extends into at |:cast a portion of the opening 21b as
shown i n1Bi gure 2D, Figurs3G<s aobssesettionl vidvwsof the deyiershawn i1 Bigars 2B iusst r at ed
is 15 Figure 2C. Mre preferably, the fill tnattcial 224 will substantially
cover, or be fonhgtstage bffabricationext ensi ve with, the upper edges 223a, 223b of
the conductive materjial 222. This particul ar epbodinent is illustrated in
both Fi gures 2C and Fignee RDdn alsmp erossessetionn) Yiew phdevice shownpdindiguse 2Bamai || be
substantially ca-extensive with the Conductive mattrial 22z over the top
Zjiface 215 dartherstagn of fabricaien) ayer 214. ~ The fill material Z24 2Q will be

tributed to have thicl wess that i.s,.typical,l ithin the r e of a few
hundred Angstrons t W@ﬁé‘?“ﬁ’ﬂﬁﬁ%ﬁ’ﬁ’ Kﬁﬁg&ztgﬁgc‘x?\%b@ﬁ %\;?ﬁg& Fi gure
2E, the %rtion of thﬁ go%gﬁctive material ZZ2 and the fill material 224
whi ch ar outﬁé‘i'tﬁtés@gcf’ BbgekA g 216 and which are over the top sufface 215
of the layer 214 areg;hex r.epg?‘g_ J ' ;‘Eéi . , 4 25
renoval is effecfi c?‘%‘s’?%ﬁma P E%Jrnﬁaggﬁt‘.%oﬁ%wcaélé Pﬁ%ﬁ‘ﬁ%@%rm
refers no tNgyyher stage of fabrication,

Figure 3A is a cross-sectional view of a further embodiment of a

semiconductive device in an intermediate stage of fabrication.

7
SUBSTITUTE SHEET (RULE 26)



m SUBSTI TUTE SHEET ( RULE $6) WO Uz/ 11398 pCTI US1111~7138 mechani cal
rrenmoval of material at a surface, and typically invalves a flattening and
pol i*shi ng process used dwiaxg semi conductive wafu fabrication, For exanple,
such planarization may include chem cal mechznical pla J 4 (cwP),
¢heri cal n¥OAHNP®A poli 9h~uag, pl anarization using pags al;r?g‘t/ea’ghasi ve
alurrtes, planarization using 5 fixed abrasive pads- eithtr alone or in

conbination with slurries or other 9uid cqQz~pp5jdqns. Planarization is used
to renmove surface Histl@r?rﬁais,ﬁCthPS%F@Rﬁ&m@fﬁ‘cf‘f%ﬁ&ﬁﬁ‘ﬁﬂnﬁg‘gﬁpﬁé%és of a

waf er duri 2(% t he wafer fabrication process. the pree~cd nethod of renoval
is CMP. Th rtbnb&tchfrﬁt{ﬂC&%i xati oa process may al so involve any nuuxber o
actual process steps, c,g, repeated planarization for seyeral,periods of
e 1D ol ter nat cHEby 16 s shepb iR Of Helevern gian i Hesh P8R rhe ti1 1
mat eri al 2241-1&\“”0“ ons. to support and protect the underlying conducive
material 22CHET $ER8F Q "r“é’i‘ﬂf{;allpl anari zataon step so that the conductive

material_ 222 i s sufst anj. al | revien f e ' . o t ched axtd
pushed dut of shagﬁﬁ“ﬁ%!“c‘ﬁ?fgé‘if&?%‘t‘%g?"rﬂf cgaegﬁég\g)l rHaEEaPVI elﬁc]!'slé’x 'g‘%g into 15
t he opening. 216, as illustrated in Figure | A Thus, the conductive
material 2 é’hﬁf s%%%i ally undefntned. After platuzrization is

conpl eted, the seg S t g d | t he overlying

fill material 224 gﬁp}cchwm%ﬁcgc&\%gg%g%g%fsur ggﬂﬂg@gﬁﬂ e lays 214 are

substanti alzizxmta&{dﬁ;éwcgg? inT%LiﬁterﬁEBiﬁc &ggé&fﬁ% odi ment, the conductive
a t

material 2 e top o e respective sidewal kK 220 is 20 substantially

602' anar with the ﬁg&&iﬁa&%&ééomvmmﬂkw&%mﬁif fpAlpeg preferred
etnhbodi xnen I

t, the f material left inside the opening 216 is al so
subst anjg al fYhePsehgecrdTRbritkéidh, t he top surface 215 of the |layer 214.
Thereafter, as shown in Figure 2F, substantially all of the remaining
poztion of the fli Bighnd 40 lsalcrdi@ fecibhab Fiew f thesdedice sHosvndn Pigusg4Biwai s renoved
fromthe device. 25 Any nethod of renoviuag the fill material may be
utilired i sfukther gagesefifibricaticant i on. 13 SUBSTI TUTE SHEET (RULE Z6) ... WD
021 19398 PCT/ US111/ 2713~ Preferably, a wet etch or dry etch process, or a
conbi nati on t her eoFigneydIDis arrods secddnd viewafthecdevice siawn inFiguze 4€linal f t he
fill material 224 is nade up of the preferred tungsten or
t ungst en- cofurthenstagy ofdfabeication. e. g. tungsten nitride, then stripping in
piranha can be used to renove this tungaocn nmaterial frominside the
openi ngl®16. As a FigurcRA ish crase-sacaonl W Stadpreher qmbodimentofat he conducti ve
material 222 is left intact inside fhe openjng 216, substaxitially w thout
bei ng snearssmienndyeiiveifehise g Inwmpediste stagsofifsliicsdoR. Preferably, a conf ot mal
| aycx of conductivg, matet'ial 222 .is lcft_ove, ~r the sidtwalls, 220 and the
bottom surface 218FERICHLIE 3 GEN ??(j“‘?ﬂ)"‘%%ﬁ&\ﬂﬁ“?"n’hpw&ﬂ igyre SArifa t op y
surfaces of _the aide |]s.arc still desirably substantially co-planar with
tﬂf top surfigber stageof e | ayer 214. The device 200 is now ready fnr
fuf xhcr processi ngg.as jred by the pars stilled in the . Referring
stow to Pigurc 3A TS Pg%%f)gﬁ%u%‘?l@& f’?%ﬁ%ﬁ“e%ﬁ i m’"eg&’f’h% i nventi on

i n anothier goyi s(;?#l%bﬂcﬁi grortion of a semi conductive device structuirc
300 is Fabricated 7s accordance with coztve~uonal processing techni ques

through the I5 forgg&- } f . : i i :rr?tﬁ i zation of
t he e, ~posed cont ach gﬁgﬁgégosggapﬁtgl gg‘??’?l%&eg%ﬁgi? sll%%vh%gfg’g Zl“éubst rate
307. The cogihefs iflGicaidbn, My bt fornmed through |ayer 308, which is
preferably a layer of insulative material such as

Figure SE is a cross sectional view of the device shown in Figure 5D in a

further stage of fabrication. ‘
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Sl aSC or othtr suitable material, using suitable etching techni ques, such
as wet etching with hydrogen fluoride (FiF) for exanple. Layer 308 lies a
top:surface portion 309. 20 Al so shown arc gate stack transistors 321 and
322 which each may alteraatiely function as a word line or field effect
transi st or, WO/ 1% es of the gate suck 321, 3z2 may be LF&JHI%”EAHH gn the
opening 302 to the substrate 307, and therefore the opening may be
described as a self aligned contact (SAC) opening. The device 300 further
includes a field oxiFijmre 3% anrcd2fchionahvicw af thetdeeics shownrin FegurS8Etimbl y doped
sourct/drain regions . 25 880 and 335 axe forned in the substrate 307
bctwet n t he fiather stageaf fabricatiorst ors t ~ SUBSTI TUTE SHEET ( RULE Z6) WO
ua~ns~8 PC rl USUl/ Zy138 according to processes availsbk to the sldlled
artisan. The openi néimmisamr@eamﬁemli@w@mwcsmi!!iﬁl&tusﬁ&én\nal | s 340.
"Wth reference now to Pigure 3B, a conductive material 350 is deposited

i nsi de rhc ofvathengtagoof fabricatign. ranner as heret of ore described. As previously

set forth, 5 the conductive material is prefergbly a transitiaon, el enment

met al , e.%. a GroupF‘EI“Fq6Mtw$‘F%BFWP$%%WW§W&H% a

pl ati num conpound qr a platinum all oy, but other, condugtive, erial netals

as previ ousl'?t?maéﬁ@ﬂgﬁ%“ﬁﬁ'é‘&gb T WW@B??@%‘F% £ BRIt i s

formed over the sidewaldls 340 of the layer 30%, as well as over the sides

of the gate ®WEH¥-321 and 322, and over the c~pose:d portion 304 of the 10

top surface 305 of the substrate 307. Prekrably, the conductive materi al

substaati~lly covers the top surfioe portion 309 of the iusulative |ayer
Further shown in Figure 3Bis a fill nmaterial 360 which is next

deposited over the Conductive material 350, again as previously dcxribed. ~

The T111ygmteri al ey pESIPTION GF PREFERRED RIABODIMERTSI such as

tungsten nitride, or any other suitable material which is harder than 15

the underlyi u~g conductye\fveiBdrEinlid broadest eibddinftnt fs Miscebd & ¥ HRthidd gni um and

titaxtium conpounds such as thuliumnitride. As shown in Figure 3B, the f
Il material providangh ondubie infitériabinl d0 GpRYiAg $n & Reniéchdnailg Bepios, an@R6 /5 Of
the conductive material 350. Even nore preferably, the fill material 3b0 is
subst anti al | gtneeurex forinsd dRreffoid) t he conductive material 350 ovtr the top
surface 809 of the layer 308. 20 As now shows in Figure 3C, the portions of
t he conductive nat eri Refcdére hereith shilbbomedd tpithgtehnt fsubmtare” ald “Saferdut si de of
the contact opening 302 are then renoved, preferably by one ox note

pl anui zal5 onwhizbhe tpieesungsrsubod @s inkladingisiliven, aAtlicon-po-snshilarort(801) oysiliwont | ons
of the conductive material 350 are desirably substantially coplanar wath
the top surfersapbire($O8 ) strurnes, deped and nadopebemicamiBcterEpitpalilfyea’f 16
Substitute Sheet - 28 May 2003 In Figure 3D the ;611 material 360 is now
renoved f r onsiligaa supporrd Bya haprsemisonduetive fmdanpng apd other semicondnetive t hat

ST e A A oo S
cribed. Tgfl devil&e shown uz Figure 3D is B%\év r eady, f&r urthest

fabrication S YU GHPELE RAPHE JFePs may Suve beepyutlized o form ageyh ¢ i ng

furth tallizati ddi ti l, d P ti f h ti

ront ur a1 351 oS o RaBoe BB et st B s R b R FRoR br RPN R A shown

in Fi 3 . ' ] ji i al tilt

ponekr abl y s oih, R Rilchliiie el Ot e BB b codlibegkeop

308, d iBn- ant | . : : ' ' th

openi ng . B SHRRE, pinakianb LAATR Lo ERL, & A AR Ty Rt | 0°

fiuther enbowum:c’ohwhéﬂ%ymam@@eﬂ@gaafwﬁﬂ@&ﬁ% | s shown
fabricated using conventional pfocessing techni ques through the Porat ation
of an openi ngrnéd@ade. Such processing is perfornmed prior to depositing a
bottom el ectrode structure oil the surfaces defining the
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15 openi ng 402 using one of the nmethods des~tibed in accorda.~ace with the
present invention. The device 400 inductee field oxide region 425 fornmed in
substrate 407, as well as“Source and drain regions 430, 435 which may be .
suitably doped. Al so shown arc gate static transistors 421. and_422, which
éach nmy aMOMHE®E|y function as a word li.e or field ePFEUSOIRMAsistor. A
first liyer 440 of an insulative material, e.g. BPSG has 20 been forned. "
over the substrate 407 of the structure 400. A plug 445 of electrically
conductive tnateri mﬁw%mwm,mweuammmmmmwm ng 447
provided is |layer 440 to provide electrical comunication between a top
surface 44Sdgficet 700 idG@hiiMermseinte Shgh of fibricedprn rEhe3n ind subiseate Ui 2tandadayéH7 and
a storage cell capautor to be latcr formed thereover. Onc or nore barrier

| ayers znay2pe of macesdl, preferatiyhinsylstiveshdtertad suchlasfo2eample, silicon didridgot ayers
449a and 4496 as shown in Figure 4A. For exanple, vac or WO U2119398
PCTI| USU11Z7 Bafo-RhdsphoiSilicete Glass (BRSG), &yrmed overythbenbstoarg 2i1 3 e Tho fayen izt
conpounds as titaniumnitride, tungsten nitride, hit~niuna~ silicide, or
any ot he§ nhasd topistrfact@15r Amsapahingi21iods foemedipethe lapercH 4ouingfretbedon as a
barrier layer. A second insulative |ayer 443 is fornmed av=x the first

i ~asul at i vekhawmin the@rt, fon exampie:iwey ridsy efehinge dhe Apening 21%€a8nd | ayer 443
using 5 avail able nethods such as etchiuag. 'VPith reference nowto Figure
4B, a condulepresentAfOBHCHOPCRTE Oryid) O BEPAIERnrh, OF recss; AR SRAYRMAYASS in the

Tt or Tl | SCHPR K B Sy HE (PP T AARENE 2020 e SRRy 1 va
T ACT hum 10308 AsBRYE DT atice 73 ea i ool Piesably e ot fufied 0
E.; Ze ggfﬁgézi# ﬁ@n%%ﬁﬁ%ﬁ?%%%%%Pé@r%zﬁéﬁ%%%ﬂ%ﬁgg: i
e ol A b SRS e R A AR L 2
15 over theFféEg%g&lt‘g @mg%m&ﬁéoﬁh@gégb@gmghwgd. The

fill materia sirably tun~ten or a tung such as

tungsten ni %Qﬁ@&u&btaﬂcﬁmﬁcﬁﬂﬁﬁ&eﬁngﬁbﬁfrw:r,m ; mfdﬁheaggn the

under | yi ng tonductive nmaterial 450. sirably, the fill malarial 4

substanti al byuh\safee 218%nd kide WAHEL2IEAEbE Any'\iHaPe hilableQd thideds of8YMENL S 47S
of the conductive material. Mre desirably, the fill material is 20

subst ani§ al kllearésahSinslutling ¢igeherhilecyligditdahapes material which is formed on
the top surface 459 of the |layer 443, As shown iua Figure 4C, the portions

of the conductive Rafesirigaiowito(Figurd 2B enoillesttayivegetholllof forirttig ftondabtiveut si de

of the contact opening 402 ate now renoved, preferably by one or norn

pl anari zat | ontdriakinrtheopsings2 kéeis desctiball. s conednctia mmateriat D22 js foimsedt oveSHBSTI TUTE

SHEET (RULE 26) 18 Substitute Sheet - 28 May 2003 top portions of the

(;gfducti ve surfaces 218, 280 whish defins the openiag BHG. a4 contiyctive mhaterial isvidrntedt he t op
i"acc 459 of die layer 443. ra Figure 4D the f I| material 465 is

renoved froﬁvqrnéleMﬁMQs!foftﬂmS%msagﬁ,%%md@omﬁmbﬂyis@ormiwm e that

1 5 o ke e B A ks, 1
. . 45 0 . . .
Eﬁgw‘ic? 'nlvﬁi L2 i el # ol Rl SERR B Smpignal O”L—,ge,?;%qtﬁﬁe >
4 i . i . .P
el ectric. Pagpec Rl 8 of VAl 86:53Rat BY o Rodubfdpueripldoa g by,
) y o 3 s, b
ST r IR ) e R
s S iNe.. S . N i . _
Tth eaftlelr , mgu?gg%znzdgg%%%fs%{agfg ??%ceo%?awytrg c%sérwgﬁe g(r:fri c.
mat er i abg 47&.eiﬂmo%deﬁhgehﬁ?,mhdqiust&ﬁniﬂuepmaﬂnn ﬂahlsdj‘iﬁcmiﬁaﬁhﬁct rode 475
'y plafinum or

may al so be formed of a Group VII X netal, preferab >a platinum
all oy, as well a8 other conductive

10
SUBSTITUTE SHEET (RULE 26)



15 rnaterial netals as heretofore deeuibed. It will be recognized by one
skilled in the art, however, t~ either one or both of the elcct<oda nmay be
forned of any conductive material generally used for capacitor electrode
structures._lt _j | so within the scope of the inventio

él ectrode bgoé’?/égs"'&? several |ayers fonxiing an el ectrodgbés'l{}g%yﬁﬁle
struycture in >riguce 4D can thus function as a typical storage capacitor.
20- Referring now to Figure 5A, there is shown anot her enbodi nent of the
present i nveiddiom, oshinmr aiidrhodiom;, hnd sushialiejis aeplatinun-rhiodiywos Hldtinem is the
fabricate a bit |ine conductive plug. A sem conductive device 500 is shown
fabri cat ed ugpreferresiosondnctive maateriak g&&'iﬂﬁ@ﬂﬂb@hﬂﬂl@d@i therinvengiont K¥hénr nat i on
of openin&s 502 and 504 over the substrate 507. The device 500 includes
field oxi de seitpblaeondogive matesialsincipdegthensmnsition slement metalsse-gt gald, PPer whi ch
each may alternately function, as wor ine or field effect WO U2119398
PCT/ h$111127m34\'ﬁhﬁ§v’§1!Eﬁ@ﬁi@“ﬂ@%%’ Bmatals, <8 lumpmpn, egsther with fhojr doped
source/drgi né{leygi ons 510, which arc formed ~ the substrate 507 according to
processes2av AHPARRA COBPOSIES- ki Ued artisan, A first |ayer 512 of an

insulativc material ,.e.g.,3pSG_ha en forned aqver the.s trate 507. A
first conductive pl J&%‘?@%ﬁ?%@'&ﬂ%ﬁchﬁ%'ﬁ ?ﬂf@m&%‘ﬂwﬂ 5

| ayer 512 to i de,electyr]cal i Lo t n souxce/ drain
region 510 i ﬁ‘%ﬁ maehe W%%”@?W%’l&?ﬁh#é%&t(%)pqrﬂﬁw%‘% | at er
formed there . |Q? rﬁE ﬁgﬂda%’@ 4 f i tably
conducti ve ,w-%l%t |ra|, such as p @%’f*ﬁf@%%“@%ﬁ%“a%@“@é%%@*&nd

t+ rd Conduct ifle rh?}y Aloadulfe is fOmAGRIaNgs provi ded
imlayer 512%%&6%6&%35&%&(3?&%361 ’% congnautg;ﬁgéﬂ%%ﬂ%gt vvee(r?gtahe

sow ce/ dipi N efigeRR At thedapofal oW A0Pstfdthd toGaRAT hhfired /Al whwxr ed

t hereover. The sxond aad third co,ttd&:ti ve plugs are al sgﬁﬂe of

sui tably cong@atiany fecoidirgy tothe néds bf tie\kiD&d irfiansane or different, but is
preferably polysilicoa. One or nort barrier layers 520, 522 have been
formed over the secaAnthreieelsiiown id Rigure B} the Contudtive thatérial 228 prferablpt forth
above, the barrier layers) may be 15 fornmed from suds conpouads as titanium
nitride, tuneetmds ovtdidd afahe tortam iopening 21& ardiboventhe asyy suafabe-215 6f bk dajer
rait~ide or netal silicide Layer. Thereafter, a second insulative |ayer 525
is formed w R2id TheeindystidOnatersld 222 ésf prefexdbly fonmed oversabstakitiadly the eneirdods
known in_the art. Qpenings 502, 504 are preferably contact openings which
arc fornhdd sufeegofshailayanlés asshowmip Figurg 2Bger mey beffopmed overagy framiphaSqucs.

20 Wth xefer~rcrce ugw to Pigure 5B, a conducdvc material 530 is deposited
i nsi de the o subgequentieipteddac s phawncis Figied hes uppetelges B, As

by
Tt erial yaﬁl‘gﬁ%%f@%égé spﬁ:‘e O el 28 }'%‘épcgf@‘lé%f{,:a%%@%s&ﬁé‘i%éi
iti . 0., ' , G
|1 and 1 Vs TR O 610 ks AL 205 af e s £ pitpsy ipchomiecioncuct | vo
ial i | bk 532 i asid f. th [ 2, 19
SUBSTI TUTE. o Eeepetf Bsoh 6t YRR ook 6sshdlBi Syt o 1RE Sdnats 20 i

i nsul zti I erd over the bottom portions 534 of the openings.
The cond%@ti%qﬁaﬁg 2%’1?' is also preferably fornmed over the top surface S 36

of the layer 52S. R Fid y i | [ ve.layer .544
which is %ext depomggﬁgngver tl e st@ﬂﬁ%ﬁ%ggﬁnwﬁgbgg‘#@éﬁ?Wﬁ@B ductive
mat eri al 530222/5iAPtHaraiad DR 2Bl Rxd EPRRLBYRE thd oG '»@%a)fer'éaz SaPERLAGL ve

| ayer 540 is a phototesist |layer. The protective |ayer Is"used to
pattern an omemifl24mdyte dnfsitadle tifretiad Which 33D piftdce Ehc"&ohliu&ﬁ&ﬁﬁ the
~o0~ntact opening S42 with the potysilicon plug 514 for the bit [ine
conducti ve pRaifrom shisstanialidrfemtyg Hosiatng dirtngCOpliGkattnGiip) Herbthefds t hen
|t ched using auitable 10 etching techniques, for exanple, a dry etch aging
CPS, CHF?S andeseribedn Tha S snaterial Dg@&bmld%so tichome avhidh isitse]f casablef ultipare ur f ace
of the polysilicon plug 514. Thereafter, as shown in Figure 5D, the
protective |ayer 540, e.g. the photorcsist layer, is renoved. Next, :fill
material 545 is deposited over the strucn~rc

1
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500 as herebooxe described. The fill material is desirably a hard ~onetal,
metal alloy or 15 netal conmpound, auth as tungsten Qr a tungsten to~npaund
li.lce tungsten nitride, O any other suitable material which is harder
than the underlyi ng conductive material 5 30. If desire Ll | mattria
deposition“@ﬁ@@zﬂﬁy be preceded by a titanium of titaniﬂ%qggg?%gt
deposition step in the contact opGriutg 542. Tl~e titaniummaterial will:’
coat the itt,side of the cont~et opening 54Z to inprove tb~e adhesion of
metal Wit hi perhéval &6l/on plahatizavion) The £l papriat 334shopldalsohesybstantally barder pe
deposited using a CVD process, for exanple. As _neat shown in 1~iqurc SE,

t he porti onshanfthe hendustivematevial 222 aad evar monpprsfeeably, shopld pe substantially)

materi al 545 outride of the conigct aopeniag$S 502, 504, 542 arc then
renoved, pzbenthay tygicabpotoresispwatepiippsad it SHRICORIFHIG I g OM 1', as

25 described above. T tal ~cont ~air, i || paterial 545 functi t
G YL MR TE WA R NN T B RS,
505 Soab” . Aenegblyoa pHoengh SPaRAE et ek i HbretOls Spi FERERAL hurtBER 10T
terial 5 3 desi rabl y. sub ial i Face 536
OF the i neuRdpyangSch ottt AT hikgin DA, or Sl bifcallf RO
terial 545..i.QS] ~ t i m%g i Pﬂhﬁ
|ronra'e1ce relrzllbl y gﬁﬁ?@?@&ﬁ“ﬁl’f’%}e% aﬁg@\?\ﬂcﬂﬂ?ﬂgé@tggﬁgﬁﬁ fégce a?lﬁ%:‘f e Fayer
525, . Ref i \ i : : AN i i i tact
openi ng. 540 HiGaLE0h bfly b ks EheP i iuiiabie abpBicion coiRAE dith of OVENG EOTLEE
gggdUC“ ve Ilpc@',%lﬁitdwaoa{hﬂm GiH,), PE Slampfes Pis Qéd@ahisy Orhiesultable Bll i S

osited ova the l'i'ne x0 conduc)fl ve plug 545a. The probrttivc cap is
desi r abhy f%ﬂ&&é&mmuﬁhﬁ-kﬂﬁmgmmmtwmmmnmuﬁ aaa
oxi de. Thereafter as shown in Figure 5G the fill material 545 is renovod
from the i ngil6lal tikhiukdheongrritesds well e tingambddthpouiids sukh ad, fordranplebl e t hat
substantially ah of the fill matezial 545 be renovod fromthe contact
openi ngs 50 itarfiiid nitside (TNt echni que such as etching, etc., as herenfore
descri bed. 15 The Conductive material 530 can thus function as a capaator
bott om el ectrode aPreferably] theillmadteriil 224 &tends éxo anleast 2 pogiontiBthopening | t ast
in part to their anpxovcd electrical characteristics, the structures herein
descri bed hal6é apshpwreipFigure 3D, ior yubistntislly illsthe opening 266 ay ilumtedyin A t ypi cal
processor system which includes integrated circujts that utilize one or
nore of 180 tHigure 2€y dMene peeferablyetheifil] masesisl 234 will substantialliecqyeoebe i nvent i on

is illustrated generally at 600 in Fig. 6. A_processor system such as a

O o o R O T o OvpsH g uni
e e S5 REE e LB i A it

= Ergr;:\c/)[rpg;%{ﬁagg&%éedr“%ﬁg A5l B i oy,
a r~dom access mn%€§$c?&%wgiﬁéghqz&1 y ﬁ%‘ﬁ%é?f&%?g%?%gwg , 1~cz the
compact 20 S IRl SR IR g Kotk Sl bicaB T WIIBE barg € U £ 2LCN 25 5

the bus 670 p,l8RdIANSROMO sev@X thbusiiPAndsBomeo or nmore of the processor, -~
and RO VI <, or&g chi'p 5 contai aiag a prcxessor and oa board nenory. Wile

Fig. 6 shows one expgppiisg Now o6 FigUfFIE, Sheopiiond(of the @aluddve mARiiMl Pihers are
al so possible. The foregoing description is illustrative of exenplary

embodi ment s apdh kiehhilbnbterid@2¢hwhichire sltside 6fthd opening 16 ePwhidl &% vk thbe
present invention. It should be -~ apparent that nany chaages,

nodi fi cat i onep surfabs215 of the layen2i4 4re nem eendved fribm e devide 10, Fefegblpgli nent s
wi.t hout d~epaiting fromthe spirit or scope of the invention. The inventi.on
is not 26 txeroovabis¢Eected using & planasization tedhmicugvdichi ingenkralreferstto g or

enbodi ments, but is only limted by the scope of the appended cl ai ns.
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What ie clainmed is: 22 9UB8TI TUTE SHEET ( RUSE ~B) - w0 07.h9398

PCTI USU1127138 CX. A~.i~S;. 1. A nethod of providing a conductive material in
an opening, conprising; formng said conductive material in said opening
and over at Ieaégwg portion of an insulativc materi al Oufb(?i‘ﬁﬁnﬁﬁﬁa' d

opt ni ng; Fo¥PY2 netal -containing fill material over af |east a portion
of 'said conductive material such that at |east sone of said

metal -containing fill materjal is |ocajed i£| said .0 eini ng, . renovi ng at

| east a por t imsehessical rrapvabefrgateria) at $4 AR QARIC 1P§°‘6‘\§é AEMRE ARG syl ati ve

ot al - Cont ai BPIRPIIE PROCHALE SO SHORPAER T Hurcs 6t TG SFRORGR ! ai m
1L A e o A

e et hod ofeerasnt solii pRanuch {RALE ol b B bl R4l '
et 8l - conpal SRRGETRY babt ey Soge JFIF FERARRCYLFARR & pEERAT, 20 ©,

SUBSTI TUTE SCEEeGRULE Aflizadi 00583 95 HohcEHchSk babeiAlBRpf@vidEes et hod of

claimb5, wherel titantumcontaining ~, Il matxrial Ts titanium

nitride. 7. Eﬁﬁgﬁﬁﬁrﬁpﬂnﬁﬁﬁ%ﬁiwﬁ diring/ (e ohac? fitiic ko TBaehd) OTHeprifefct@r med by
pl anari zatian. 8.

e nethod of claim 7, wherein said renoving is perforned
by chem cal [RGRGNHERMOVAIINEME, TR remBval of plaGarizRiidiOptoedss flapalsd involb @iyei N
said orruing of said conductive material is perfarrned over a majority of
H;f surface QhyrtRt 8f oo prstesslsteps, tipe rd@ﬁdt&d)?lam‘:izﬁdi@i for severahperiotoftrne),
form ng of said conductive matexlal is perto><7aned aver substantially all
of the swof aaiewhteddydicapingisteps,ckc.|. The nethod of claim 1, wherein said
form ng of said netal!-containing $11 material is perforned over
substantially all ofAsshowen imBiguret2E; ¢herfill reaterial 224 foncyings tospppott arid cl ai m | 1,
wherein said conductive material has a top edge portion once forned over
sai d i nsul at ipretecrethe pinddrlyingebndnétive matemialdp 2cturingithe regoyal/planarizatidomsrey| |
maxerial is performed so as to substantially cover said top edge cﬁ)ortion.
13. The net hod that the eanductive maseral 332 s sabsgantially preveagag\from being smepred,
nmetal -containing fill material apd said condugtive materi.al mﬁHch,is over
sai d i nsul at iscatched a3 pysped Queofshing, ¢ 81 cpuse € g ¢ QNshagg|igto

co- planan oo L]y 2 L0 314,268, Okt Bt Al TR ot GudEil Shbelhr 222

remains substantially undeformed, After planarization is completed, the segments of

the conductive material 222 and the overlying fill material 224 which were above the
top surface 215 of the layer 214 are substantially all removed. Thus, in a preferred
) embodiment, the conductive material 222 at the top of the respective sidewalls 220 is
20  substandally coplanar with the top sucface 215 of the layer 214. In another preferred
embodiment, the fill material left inside the opening 216 is also substantially co-planar
with the top surface 215 of the layer 214.
Thercafter, as shown in Figure 2F, substantially all of the remaining portion
of the fill maverial 224 which is inside the opening 216 is removed from the device.

25 Any method of removing the fill material may be utilized in the present invention.
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Z~ SUBSTI TUTE SHEET ( RULE 28) w0 uz119398 PCTI US01127138 14. The net hod
of claim 13, wherein said getal-containing !1 mater+al is substantially
co-planar with a top surface portion of said insulative mattrial. 15. The
met hod of ¢l aim wherein substantially all of said metgls u<ai ng
;&L rrateri\gso?/yj’?aerrvoved fromsaid opening, 16. The net'ﬁ!gg?sgw@'rd;i ml S,
wherein said nmetal -containing fill n~iaterial is renmoved from said opening

by etrliing. 16. The txicthod of claim1, whereig said insulatiyc terial.
i s conpri sedPreferably, lag¥es etchins dnpstelprogess,af R cambRERPR Hierenf snay be tong of

1 wher i n” Sameve il Baggaldt BF AL A S8 gk op of e PrEEHA ROEIERAE o |
o oceae. 10, CRRShGOHBBAGRE AL PR e e SOHORE 1t DR ER PRl |

et hod o oo 12 MG A abaptn Bk s BBF pRFERE2 10, e biERT s
e o o v ateph 3 2B hh fondBlive Hiferilt 389 Rich Bla lldlile ol 1

sai d conduct or med over ‘sard opening using €lcc p%ri ng.

z; SUBSTI TUL . The nettxod
of claim 18,ﬁﬂf%ﬁﬁ@%@@&ﬁ%ﬁ%@gﬁtﬁ%ﬁﬁ%%@%ﬁst antially

conforrnal | ' ' @nﬂf&g% ci‘t‘)&’h? r m
el ectrode ofﬂg&(r:% é(%ictagf;o?‘n@o r%ﬁg‘?ﬂﬁ"oca rng aﬂ;slepon %!fgzs@aﬁ%ltﬂ%ztd)
material W tfy4a8. BERGI rfhdd 21810 el opthinb 236 %k kidwrtiAHGE PRETRBESGY | @l anti
over at l|least a portion of an inaulative material outside of sard aP-~Bi
provi di ng a sk of et sidei widls hrelstill BRIrEHlY sdbsQMAaAlly%o-pliras With thoidpisaffaf sai d
- -4~ cwnducuve material which is inside said opening and which is over said
i nsul at i M nEASXePERE lapert 23140 THefdesios 2000k aowready dorfiither procekdifds drsipeel By on of
said netal -containing 611 matsrial frominside said opening such that said
second conduht ipessomskilied ialthé at.ns sod bottom el ectrode. 23. The nethod. o
claim 22, wheran said at leaat a portion of said opening contacts a first
conduct i ve mat eri al Refeririap now taXigure 34, thicro jsshiowy an 2dditididl embodintknobf cl ai m
23, wherein said ~xst conductive malarial is a conductive plug under said
opcr ~i ng. 23he inventien inagother pavingnmant. \dpordipn oﬁamﬁmmmgwu stucturet er i al
contacts said substrate of said devicC

300 is fabricated in accordance with conventional processing techniques through the

15 formation of a contact opening 302 prior to metallization of the exposed contact area
304 of the surface portion 305 of the substrate 307. The contact opening 302 may be
formed through layer 308, which is preferably a layer of insulative material such as
BPSG or other suitable material, using suitable etching techniques, such as wer etching
with hydrogen ﬂx?oridc (HF) for example. Layer 308 has a top surface portion 309.

20  Also shown are gate stack transistors 321 and 822 which each may alternately fanction
as a word line or field effect transistor. The sides of the gate stack 321, 322 may be
used to align the opening 302 to the substrate 307, and therefore the opening may be
described as a self-aligned contact (SAC) opening. The device 300 further includes a
field oxide region 325 formed in the substrate. Suitably doped source,/drain regions '

25 330 and 335 arc formed in the substrate 307 between the gate stack transistors
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z6. The nethod of C aim 22, wherein said second conductive nmaterial is a
bottom el ectrode of a container capacitor. 26 8UBSTI TUTE SHEET (RU E Z6)
WO 1193913 PCTI USU112713N 27. The nethod of claim 22, wherein said second
conductive material is foanmed over substantially all of tcg_&?sgrf%ce of said
openi'ng. 28WOPHE3Met hod of claim 27, wherein said second QU e
nnaterial is forrntd over substantially all of the surface of said
i nsul ative material outside of said opening. 29. The nethod of claim 28$,
wher ei n sai Oacg@@iprosrochices avatlablbdothe sldlled artisin. The opting 802 i Bigare Ivir sai d
Srst conductive material. 30. The nethod of claim 22, wherein said second
conducti ve nii@ed shownowigh sdé w€ls 389. cheni cal vapor deposition or |ow
pressure chem cal vapox deposition. 31. The nethod of claim 22, wherein
sai.d second conduct With mfatencs miw tcsFigure\dB] e dongucpivg maeeil 368hdodepbsiteti ti on,
32. The nethod of claim 22, wherein said second conductive material is
p~rvvi ded byinsile titerapehing 303 in 8@ manner ascheresafors describiedy As proviouslyiset forthd
seeond conductive material is provided by electroless plating. 34. The
met hod och ai tite 3onductive graterial is preferablycirensitipnplrmang ectaliceg. iaffrone Vlbvi ded to
a depth within the range of a few hundred Angstrons to.a several thousand
Angst rons. Zipatstigisandmyere dssipsbly is plagipumsa platinum compeynd gra alloyg nay

22,

o Ik A A b B el
ot ho of dati dismerari fiforansy 5 sl O e Berabies Stk or ol
e T g B bt o e A
5 8 oS 059 b S R

2 i ol Gt O UM P,

opening is iSBfsqmmammtdaoavmri;Md@ﬁﬁ:&&w%écﬂnauéd%bﬁa@kﬂs@ggngi si ng:

depositing a conductive material over ‘at least a part of the insi'de of said
openi ng and f\peévidislyl aGibed TR fill PAtetibl 36045 aesirhisle ot &l ningsiehat i ve

mat eri al outside of said opening; depositing a tungsbeu-containing fill
mat crral ovedongioundaath & tpagstenditridé, orahg other suitable material which is harder than

15  the underlying conductive material 350, and c¢an thus include titanium and titanjum
compounds such as titanium nitride, As shown in Figure 3B, the fill material
preferably substantially covers the top edge portions 375 of the conductive material

) 350. Even more preferably, the fill material 360 s substantially co-extensive with the
conductive material 350 over the top surface 309 of the layer 308.

20 As now shown in Figure 3C, the portions of the conductive material 350
and the overlying fill material 360 outside of the contact opening 302 are then
removed, preferably by one or more planarization techniques as described above, Asa

 tesult, the top portions of the conductive materia) 350 are desirably substantially
coplanar with the top surface 309 of the layer 308.
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.conductive material which is over said surface portion of said substrate
and -which is over said insulativc material outside of said opening, wherein
said tungsten-containing fall material at least partially fills said .-
openi ng and supports said conductiveqgaterial; renoving aSubstiaste Shepbrtion
of said tungsten containing fill material and said conducti\2z8 May 2003
which is over said insulative material outside of said opening, said
renoval being effected by pI anui zati o and 29 Substitute Sheet - 28 May
2003 renovi ng adn Figuse 3B Wﬁﬂ%?ﬁ g&sd‘ot”dﬁ@@l’%ﬁ'% amdqg) th¢ | naterial
fromsaid opening. 40. Ti ne met hod of claim 39, wherein said conductive
mat er i al contagrnpepangtdfe de mdﬁmabkrphawbwménﬂbﬂfﬂ’érﬂ%mwa 1908 Lsaj d. -
substrate. 41 . The nethod of clai m40, erei a .said conductjve material

i s furtheqmq\@ﬂrfmm&fedﬁvméoguua@sadw@éﬂ% SB #5 §tehing, etc. sﬂ?g‘eﬁ?é? Bl of claim
39, wherein said conductive material_is at |east nme~hber selected fromthe
group costescebédhglles davicgisBown imFigneendlids nest mady, focfusther fAbrigatiant al s and Group
| Va net als. , 43. The nmethod of claim42, wherein said conductive materi al
is atd Iemrmtmmpd%ﬁtbesl@l&drmmmdugm@pthmnw atignsk Group VI | |
nmetal s, copper, s~ilvet, gold and alum num 44. The method o~cl ai m 43,

wher ei n ao%ﬁmqw meéﬁpaqluMCQF%!éwdmcewsmW V¢&i sti ng of
the Goup VIII, netals atj num ospium lb di um ar,ui di ur’a 45, The .
met hod o$ondushys matcna!fgpem shavp %@m‘é ¢ AR RAITigNS ¢ premductive or a

pl ati num al rein sai.d

| 0 46 T t hod of c
t(l;ngstenméE‘f'r'i‘Fi;%k P f‘?baF‘“F‘ Yfﬁ?P %@é‘%ﬂ%ﬁt’pgpf?"
cd exte th, said cqnductiv U2/ 1398 ,: '\ NCTI USCt | z7y38
27 The rutnaglh B &% ok FSERG e DRed, bt pr AR GRS |t o1 | a
S ffdrregimo as to substantially fill, said opc..r~ix~g. 4%. The nethod of
cl aitfl 47%%%her ei n during said planari zat i on of said tungsten cont ai ni ng

' fT‘E'e' ne”?hﬁé‘ o r Bl R & i B bR et Brd AR e ”“"%ﬂﬁgﬁﬁﬁahi‘ﬁa
tsu(raf ;gg 0 sal d %@ﬁll \?@&%'@bé4&o%%&y$¥c ‘?’al m81 r %Eareit nes;iog
gggg?;ntﬁ%gmﬂ W t %aﬁggen-%al ni ng E%rr{)&lméé“ al . 51.

The et hadfdned pRioPfo &Positiig a%&osau&d%amidnﬁ%qné srfacEd e ehBCOa0I Ccal
15  opening 402 using one¢ of the methods described in accordance with the present

invention. The device 400 includes field oxide region 425 formed in substrate 407, as
well as source and drain regions 430, 435 which may be suitably doped. Also shown
are gate stack tansistors 421 and 422, which each may alternately fanction as a word
line or field effect transistor. A first layer 440 of an insulative material, ¢.g, BPSG, has
20  been formed over the substrate 407 of the structure 400. A plug 445 of electrically
conductive material, ¢.g. polysilicon, has been formed in an ope¢ning 447 provided in
layer 440 to provide electrical communication between a top surface 448 of the active
source/drain region 430 of the substrate 407 and a storage cell capacitor to be later
formed thereover, One or more barricr layers may be formed over the polysili.con plug

25 445, including layers 4492 and 449b as shown in Figure 4A. For example, one or



pl anari zation, 52. The nethod of claim 39, wherein substan~tiaUy all of
said tucxgste~n-coatai~aing fill material is renoved $om sai d openi ng. 53.
A structure far use in providing a conductive matefial in atx opening,
caxnprising: a substrate; an iusulative nmaterial over sa!i{&ﬁubgérate; sa
SUBSTI TUTE WEREYPRULE 26) 31 Substitute Sheet 28 Re/V9YE3%4,
conductive material fornmed over at |east a portion of the surface of said
opening and over at least a portion of the surface of said insulative
materi al out shete of thestirterdgyersinmy; be' comptisedgnfsach-componnds as ditnivrh niteide, al
formed over at l|east a portion of said ' conductive nnateriai which is

i nsi de sai d ausgstenonieridd, tilanivm dicidey or anyaithierimasal initride or metabsilicide layarsi de of
sai d opening, whtrein said tungatcn-containing fill cnatcrial at |east
partial |y fi Ivischseinduagsionian g bartier lager, ATieconstinswiative layesd48|informedovexithe ei n
sai d opening further coruprises a pair of OEEosi_n side walls and a bottom

sur&cc. 55. Tinss issative layer 440. dibgiopeming 40 is itlee seennd Javep 44 gial is

formed over substaadally all of the surface of said opening. 56. The
struct ur eSof wﬂhbhlﬁg?°¥ﬁé‘ﬁ|éﬁft§‘éﬁ‘&i conductive material is substantially co

T e
?ria?)éir ?gl aingl E%n&ggg_’:iﬁgfi &@B&i’a?“‘@@m"g‘% \ﬁews%s?’)dgel ngﬂﬂ’ ative
t ungst en- cont‘é? ﬁ?‘?@“‘%‘iﬁmﬁ‘&f‘er“l %@@uﬁ%‘%ﬁéﬁﬂ%ﬁ%ﬁ (?ﬂ’lz'i‘ TgsogIVa
rederal i ahos aad ird desBiip §rbg VIl e Rl el ol POt Ve
PCT/ USO1347 1%%@@%% ﬁh{d&ﬁpﬂb?s. OfheCdoRBERHYE mattlisl'ie fofmed bbkr the sidewalls

t ungst en- Cont a material is tungsten or tungsten nitride. 61. The

structure of g7eifhoRyerdas! fidovethd Hotbioetior-458 éfithé Ogening 40278Bwhi al is co
extensive with said conductive material on said insulative materi al ,. 52.

The struct ur emére piétfelably@e coddactviemaeriail4shants over thiptopxurficei4§9aif theeast one
menber sel eacd fromthe group cons~'tsting of transition elenent netals,
Goup |lls nahallaivebger@@3oup | Va nmetals. 63. The structure of claim62,
wherein said conductive material is at |east one
Further shown in Figure 4B is a fill material 465 which is next deposited
15  over the conductive material 450, again as previously described. The fill material 465
is desirably tungsten or a tungsten compound such as tungsten nitride, or any other
suitable material which is harder than the underlying conductive material 450.
Desirably, the fill material 465 substantially covers, ¢.g, is co-extensive with the top
corner segments 475 of the conductive material. More desirably, the fill material is
20  substantally co-extensive with the conductive material which is fonmed on the top
surface 459 of the layer 443,
As shown in Figure 4C, the portions of the conductive material 450 and the
overlying fill material 465 outside of the contact opening 402 are now removed,

preferably by one or more planarization techniques as described above. As a resuit, the
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. menber selected ; &mthe group coasisting of platinunm) rhodium iridium
osm uim copper, silver, gwd aad alum num 64. The structure of claim 63,
wherwxr said tungsten-containing fill material substantially fills said -

opening. 65. A structure for use in pfgoviding a conducti vegigtifkd hedt" an’
openi ng, Conprising: a substrate; an insulative material ove ﬁﬁ?%
t

substrate; a conductive material formed over substantially au o e insi ‘de
surface of said_openinhg; SUBSTI T SHEET. (RULE ~6]. . WD 117/ 19398
pCTI US011 1rpmra°w%£‘fg @?F%&Z}G'iﬁ‘tca[?ﬁf'ﬂ?gn ‘*EP ?f bly ﬁ“gf“f‘%?%cap&‘)ﬁ i d
conductive mater ir?al; g@e}:gi g sai d,tungsten-containing fill material

subst ant i atbieyrop syeotace €37 @1 Bi5eh§*>-and further wherein said conducti ve

3 A R PRI A
e Sommin L, e Safond BB LT SRR il
ot e R B AR A RS A oo
el o” S bt e Ml L e |
Prla?éir Pglm il%?:::rg? gﬁé%uc&ﬁﬁ%}%ﬁ g?gl megg, ergi n s?al_él con ucf ive
T ori ol ohits 4 Rced ol RIS, Mok LBIE, chi BIREGR15/F L ey Inateria

ructure o I"al m uctive materi al

i " subst ang f ggﬁg: A LB b SHES [EYLBa B, :Tio,, O

021 193<I 1%%&%&9@§%~ R met ﬁ})-hs i(l)J;fr_ﬁ'E‘J"r|-"jlri?1§’r1[g_ a bott?’f%r el é’gt rode of a
capaciipr ARG, Pbizel i, PUMUGHINATID] PLZTI@HDNNO] [PETRENOG,
conpri si ng: prcﬂll ding a first opening through the Surface of an insul ative
© material pAQOI BN O8E),, Ta,O4TFI0,AZA0,, BIfO] and DINGGH amohig lotheps, aThérefdr, a
portion of Said opening contacts a { uat

a second or top electrode 475 is formed over the diclectric material 470. In one

embodiment of the invention, the second electrode 475 may also be formed of a
Group VIII metal, preferably platinum or a platinum alloy, as well as other conductive

15 material metals as heretofore descrbed. It will be recognized by one skilled in the art,
however, that cither one or both of the electrodes may be formed of any conductive
material generally used for capacitor electrode structures. It is also within the scope of
the invention that each electrode be one of several layers forming an clectrode stack.
The structure in Figure 4D can thus function as a typical storage capacitor.

20 Referring now to Pigure 5A, there is shown another embodiment of the
present invendon. According to this embodiment, it is possible to fabricate a bit line
conductive plug. A semiconductive device 500 is shown fabricated using conventional
processing techniques through the formation of openings 502 and 504 over the
substrate 507. The dc;ricc 500 includes ficld oxide regions 508. Also shown are gate

25  stack transistors 509, which each may alternarely function as a word line or field effect



conductive ntattrial; providing a second conductive material over at |east
a portion of the surface of said opening in contact with said first
conductive material and ever at |east a portion of. the surface of said
insul ative material outside of said opening; providing a protective |ayer
over said second conductive material; provi~diag a seco | t hr ough
sai ¢ prot ecWW'é“?"g er, and through saig second gonducticﬁetﬁﬁrgpgﬁl&al whi gh
is'over said insulative material as well as through said iasulative

mat erial, vvhezein at |east a portion of said sttond opening cont~cta a

third w-aducianéstmtEHd divice 500tirg irshudes nitablp dopadsouscy ddrainregionsiShe) a

nmetal -containing fill material over said second conductivt material which
i s inside saiwhich sréfored i the sabisadate 07 abcording ve proesesses availableab idweskitietler i al
out si de of .said opening, wherein said netal-containi;~g fill matErial i s

further proviggigh, OA Gifst fayerds 12X cfandnsafadvd maretialcéigt BREG, dms Heansfomhed aver dieni . ng
811 material at least partially fills said openings so as to forma bit
| i ne conduct smstrpde5§7i A frst chnslactive plupiddi hag beandoouédin antopeniag praviqedrini on  of

sai.d netal -containing fill material and said conductive material which is
over sai d5i naykrilive pravide eledtrical cormunicativh besivetnshe souery' draimeegicanihd ing at
| east a portion of said netal-contadining fill material fromsaid first

openi ng so ashe mbitoater5@Zant Hbit linercariducive plig tofbedateriformed theregver. 3~

SUBSTI TUTE SHEET (RULE 2B) WO U21 19398 pCTl USULl Z7138 73. The mnet hod of
claim 72, wherein sZhdfistcontnciveplug 5l4mayrhe formad of 3 syivablyicaaducsiver
substantially all of the surface of said dust opening in contact with a
fast conduct imagetishsech asipolysilicon for prample. Hisgonsk and) thirdhcomduciiyrplugs 5 bS48 second
cohductive material is at |east one nmenber selected fiotn the group

consi sting othaveraisochesm formed in apenings ppvided i lyer 53 dp paovi and iridium
the transition element petals gall) silver and_topper, and alum nwn, and is

provi ded 10si sgmmuaication: betweer e sewise/4drain mrgions 540 aad astprage rell.capacitasy of

T ] s S e et
Subet ant i al | F B coRGYcEe FREFELYIBF Bevbe e Jame O GRS BR5H AFeRFbithe ei n
L PN RN ot S S e B0 BB ol
of sai @t ni v GO B RO AT B30 Stgo s HirdoE Ehdle, e it fberts) mdeci n e o

L1 0 CORGUCG ool b copuR o Bl fhoBle g SBSE A SHERT L

any other metal nitride or metal silicide layer. Thereafter, a second insulative layer 525
is formed with openings 502, 504 defined therein according to methods known in the

\> art. Openings 502, 504 are preferably contact openings which are formed using
available ctchi:ng, ¢.g. wet or dry etching, techniques.

20 VVith reference now to Figure 5B, a conductive material 530 is deposited
inside the openings 502, 504 in the manner as heretofore described. As previously set
forth, the conductive material is preferably a Group VIII material, and more desirably is
platinum or a platinum alloy, but other transition element merals (e.g., copper, silver
and gold), as well as Group IYa and IVa metals, ¢.g. aluminum, may also be utilized,

25 The conductive material is formed over the sidewalls 532 inside of the openings 502,

»
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. ~~-. '\ ¢ wo ui~n3~s ~~Tnsonz~ma 81. The nacthod of claim80, wherein
said netal-containing fdl material is provided to Qg co-extensive with said
xcond conductive material ~outside of said first opening 82. The nethod of,

claim8l, wherein said netal-containing fill material is provided in said,
second opewDwg14388 substantially fill said opcxsiug. 83.PAFEsoy@upbd of claim
82, "wherei xr said renoving of said netal-containing fill material and said

conductive matexial fromover said insulative material is performed by

pl anari zat i ; i ; f e bottdmSGa ' jggation is
cheni cal rreg%’r?ﬁégl P ggfrl zatzzsb?\ﬁg}g. The et odb%hfmé:gtﬁné ?4, \)ﬁ?erei n
substanti al ; L VG d dvel tiERtbS nitdeRb 586 w@g from
said 5rst o%g%%dgﬁgviéhggﬂﬁ%%ggﬁgwb@%m%I ect roge of ggi gf%apaci tor.
86. The netiypyl of claim85, wherein prior to said renoval of substantially
ali of said netal-containing fill ~ttaterial fromsaid fast opexting, an
oxide | ayer is deppaith@dhéwgin Rigirdt K apdotedtive layer Stnwhich jsngxdepdsitidt | i ne
conductive plug. 87, The nethod of Claim 86, fiurther conprising providing
a di el ecs r i gverdiesthiziure 300, inclading did comdedtive nfactial 5 X5 ushg availdbldE SHEET ( RULE
z6) WO t1211939% PCTI USUI | 27~38 88. The net hod of claim 87, further
conpri si ng tecimiguidsn Prefefablyy the pRunactive layer540 isapbotosdsistlayar. The gradeaivectri c,
89. A nethod of planarizing a conductive material formed over an opening
Wi t hout sublayerS#0as bsedde patterniag openiog inatthe insulativecdayep 528 iwhich wilbstreecas ng sai d
conductive material with a nmetal-containing fill naterial such that said
fill mater ithe contaghepening H2-withithetrolysilicopplag Ai# foxrthe bit lineeonduetiverpleg | v
fills said opening; and planarizing said conductive material and said

med al - cont ammbsqw%@éww Theansac opening,542is thes,stehred ysing swisbleuct i ve

material and said fi]l nnaterial arc s bstagé'a‘ y coplanar with a top
; :

porti onl®hf etehing sshaiangs, forgxample, ,dr|ctah wing an

i zui g i d usi henij, cal 'UI | a~rization. 9. Th
et hod of | CTIEH 136 theRER &toR B R SO BHSE of i PPELIgReliE 4. 50 as to support
id duct i ' dur i.d pl i zatiou., 92.,7Jh t hod of cl ai
36, Cwherei n Sat d COREGETFyH shith PR ST ARleR nEE 4l B of saia o
. : . . \ . . " L ai m 92,
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to perform gy 53]ctetBfo?S HALIBRAY Ahe il material is desirably a hard metal, metal alloy or

15  metal compound, such as tungsten or a tungsten componnd like tungsten nitride, or

any other suitable material which is harder than the underlying conductive material
530. If desired, the fill material deposition step may be prcccdcld by a titanium or
-) titanium nitride deposition step in the contact opening 542. The titanium material will
coat the inside of the contact opening 542 to improve the adhesion of metal within the
20  insulatve layer 525. The titanium material may be deposited nsing a CVD process, for
example.

As next shown in Figure 5E, the portions of the conductive material 530
and the overlying fill material 545 outside of the contact openings 502, 504, 542 are
then removed, preferably by one or more planarization techniques, e.g. CMP, as

25  described above, The metal-containing fill material 545 functions to protect the
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94. The nethod o clai~nn 93, wherein, said contacting is perfornmed so as to
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5  containing a processor and on board memory. While Fig. 6 shows one exemplary |
computer system architecture, many others are also possible.
The foregoing description is illustrative of exemplary embodiments which
achieve the objects, features and advantages of the present invention. It should be
) apparent that many changes, modifications, substitutions may be made to the described
10 embodiments without departing from the spirit or scope of the invention. ‘The
invention is not to be considered as limited by the foregoing description or
embodiments, but is only limited by the scope of the appended claims.
What is claimed is:
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ig:y&@% ?}?({%Wé‘) ( ;:I s %%ﬁ% & Q S '10%% o(p%ﬁmg and over at least a portion of
an insulative material outside of said opening;
forming a metal-containing fill material over at least a portion of said conductive
material such that at least some of said metal-containing fill material is located in said opening;
3 removing at least a portion of said conductive material which is over said
insulative material outside of said opening; and
removing at least a portion of said metal-containing fill material from said

opening.

2. The method of claim 1, wherein said metal-containing fill material is harder than

said conductive material,

3. The method of claim 2, wherein said metal-containing fill material is 2 tungsten-

containing fill material.

4. The method of claim 3, whetein said tungsten-containing fill material is tungster

or tungsten nitride.

5. The method of claim 2, wherein said metal-containing fill material is a titanium-

containing fill material.
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7. The method of claim 1, wherein said removing is performed by planarization.

8. The method of claim 7, wherein said removing is performed by chemical

mechanical planarization.

”) 9. The method of claim 1, wherein said forming of said conductive material is

performed over a majority of the surface of said opening,

10. The method of claim 1, wherein said forming of said conductive material is

performed over substantially all of the surface of said opening,.

11. The method of claim 1, wherein said forming of said metal-containing fill

material is performed over substantially all of said conductive material,

12. The method of claim 11, wherein said conductive material has a top edge
) portion once formed over said insulative material, and seid forming of said metal-containing

fill maverial is performed so as to substantially cover said top edge portion.

13. The method of claim 1, whereupon after said removal of said metal-containing
fill material and said conductive material which is over said insulative material, said conductive

material is substantially co-planar with a top surface portion of said insulative material.
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16. The method of claim 15, wherein said metal-containing fill material is removed

from said opening by etching.

16. The method of claim 1, wherein said insulative material is comprised of at least
one member selected from the group consisting of silicon dioxide and Boro-Phospho-Silicate
Glml

17. The method of claim 1, wherein said conductive material is formed over said

opening using a chemical vapor deposition or low pressure chemical vapor deposition process.

18. The method of claim 1, wherein said conductive maretial is formed over said

opening using a physical vapor deposition process.

19, The method of claim 1, wherein said conductive material is formed over said

opening using electroless plating.

20. The method of claim 1, wherein said conductive material is formed over said

opening using electroplating.
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22. A mcthod of forming a bottom clectrode of a capacitor, comprising:

locating a second conductive material with an opening in contact with a first
conductive material and over at least a portion of an insulative material outside of said
opening;

providing a metal-containing fill material over at least a portion of said

) conductve material which is inside said opening and which is over said insulative material

outside of said opening

removing at least a portion of said metal-containing fill material from inside said

opening such that said second conductive material forms said bottom electrode.

23. The method of claim 22, wherein said at least a portion of said opening;

contacts a first conductive material which is under said opening.

24. The method of claim 23, wherein said first conductive material is 2 conductive

plug under said opening.

25. The method of claim 24, wherein said fiest conductive material contacts said

substrate of said device,

26. The method of claim 22, wherein said second conductive material is a bottom

electrode of a container capacitor.
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over substantially all of the surface of said insulative material outside of said opening.

29. The method of claim 28, wherein said second conductive material forms a

conformal layer over said first conductive material.

30. The method of claim 22, wherein said second conductive material is provided

by chemical vapor deposition or low pressure chemical vapor deposition.

31. The method of claim 22, wherein said second conductive material is provided

by physical vapor deposition,

32. The method of claim 22, wherein said second conductive material is provided

by electroplating.

) 33. The method of claim 22, wherein said second conductive material is provided

by electroless plating.

34. The method of claim 30, wherein said second conductive material is provided
to a depth within the range of a few hundred Angstroms to a several thousand Angstroms.
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36. The method of claim 22, wherein substantially all of said conductive material

and said metal-containing fill material which is over said insulative material is removed.

37. The method of claim 22, wherein substantially all of said metal-containing fill
£ g
materal is removed from said opening,

38. The method of claim 22, wherein said metal-containing fill material is titanjum

nitride.

39. A method of providing a conductive material in an opening provided in an
insulative material over a substrate, wherein said opening is in contact with a surface portion of
said substrate, comprising:

depositing a conducrive material over at least a part of the inside of said opening
and over at least a portion of the surface of said insulative material outside of said opening;

depositing 2 tupgpten-containing fill material over at least a portion of said
conductive material which is over said surface portion of said substrate and which is over said
insulative material outside of said opening, wherein said tungsten-containing fill material at
least pardally fills said opening a.l'ld supports said conductive material;

removing at least a portion of said tungsten containing fill material and said
conductive macerial which is over said insulative material outside of said opening, said removal

being effected by planarization ; and
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opening,.

40. The method of claim 39, wherein said conductive material is formed ro contact

an active region formed within said substrate.

41. The method of claim 40, wherein said conductive material is further formed !

over the sides of said opening-

42, The method of claim 39, wherein 'said conductive material is at least member

selected from the group consisting of transition element metals, Group Illa merals and Group

IVa metals. .

43. The method of claim 42, wherein said conductive material is at least one
member selected from the group consisting of Group VIII metals, copper, silver, gold and

alumioum.

44. The method of claim 43, wherein said conductive material is selected from the

group consisting of the Group VIII metals platinum, osmium, iridium and thodium.

45. The method of claim 44, wherein said conductive material is platinum or a

platinum alloy.

46. The method of claim 39, wherein said tungsten-containing fill material is

formed to be substangally co-extensive with said conductive material.
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47. The method of claim 39, wherein said tungsten-containing fill material is

. formed s0 as to substantially fill said opening,.

48. The method of claim 47, wherein during said planarization of said tungsten-

containing fill marerial, said conductive material is substantially undeformed.

49. The method of claim 48, wherein said planarization is performed so that the
’) top of said conductive material is substantally co-planar with the top surface of said insulative
layer.

' "50. The method of claim 49, wherein said planarization is petformed so that said

conductive material is substantially co-planar with said tungsten-containing fill material.

51. The method of claim 39, wherein said planarization is chemical mechanical

planarization.

52. The method of claim 39, wherein substantially all of said tungsten-containing
fill material is removed from said opening.

53. A structure for usc in providing a conductive material in an opening,
comprising:
@ substrate;

an insulative material over said substrate:
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opening and over at least a portion of the surface of said insulative material outside of said
opening;

a tungsten-containing fill material formed over at least a portion of said *
conductive material which is inside said opening and which is over said insulative material
outside of said opening, wherein said tungsten-containing fill material at least partially fills said

4
opening. ‘

54. The structure of claim 53, wherein said opening further comprises a pair of
opposing side walls and 2 bottom sucface.

55. The structure of claim 54, wherein said conductive material is formed over

substantially all of the surface of said opening,

56. The structure of claim 53, wherein said conductive matenal is substantially co-

extensive with the surface of said insulative material outside of said opening.

57. The stx'ucture"bf claim 53, wherein said insulative material is at least one

member sclected from the group consisting of silicon dioxide and BPSG.
58. The structure of claim 57, wherein said insulative material is BPSG.
59. The structure of claim 53, wherein said tungsten-containing fill material is

substantally harder than said conductive matenal and is substantially co-extensive with said

conductive marerial which is over said insulative material.
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60. The structure of claim §9, whetein said tungsten-containing fill material is

tungsten or tungsten nitride.

61, The structure of claim 53, wherein said tungsten-containing fill material is co-

extensive with said conductive material on said insulative material.

62, The structure of claim 61, wherein said conductive material is at least one
D) member sclected from the group consisting of transition element metals, Group TIla metals

and Group IVa metals.

63. The structure of claim 62, wherein said conductive material is at least one
member selected ffom the group consisting of platinum, rhodivm, iridium osmium, copper,

silver, gold and aluminum.

64. The scucrure of claim 63, wherein said tungsten-containing fill material

substantially fills said opening.

65. A structure for use in providing a conductive material in ap opening,
comprising: |
a substrate;
an insulative material over said substrate;
2 conductive material formed over substantially all of the inside surface of said

opening;
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a tungsten-containing fill material formed over said conductive material, wherein
said tungsten-containing fill material substantially fills said opening, and further wherein said
conductive material and said tungsten-containing fill material are substantially co-planar at the

top of said opening,

66. The structure of claim 65, wherein said inside surface of said opening comprises

a pair of opposing side walls and a bottom surface.

3 67. The structure of claim 66, wherein said bottom surface of said opening is over a

conductive plug.

68. The structure of claim 65, wherein said insulative material has a top surface
such that said conductive material and said tungsten-containing fill material are substantially

co-planar with said top surface.

69, The structure of claim 65, wherein said conductive material is platinum or a

platinum alloy.

70. The structure of claim 69, wherein said conductive material is planarized

together with said tungsten-containing fill matenial.

71. The structure of claim 70, wherein said conductive material is substantially

undeformed.
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providing a first opening through the surface of an insulative material provided
over a substrate in said device, wherein at least 2 portion of said opening contacts a first
conductive material;
providing a second conductive material over at least a portion of the surface of
said opening in contact with said first conductive material and over at least a portion of the
surface of said insulative material outside of said opening;
) providing a protective layer over said second conductive material;
providing a second opening through said protective layer, and through said
second conductive material which is over said insulative material as well as through said
insulative material, wherein at least a portion of said second opening contaces a third
conductive material;
removing said protective layer;
providing a metal-containing fill material over said second conductive material
which is inside said first opening and which is over said insulative material outside of said
opening, wherein said metal-containing fill material is further provided over said second
opening such that said metal-containing fill material ar least partially fills said openings so as to
form a bit line conductive plug in said second opening;
removing at least a portion of said metal-containing fill material and said
conductive material which is over said insulative material outside of said openings; and
removing at least a pordon of said metal-containing fill material from said first

opening 0 as to form said bottom electrode of said capacitor.
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74, The method of claim 73, wherein sald second conductive material is at least
one member selected from the group consisting of the Group VIII metals platnum, thodium,
osmium, and iridium, the transition element metals gold, silver and coppet, and aluminum,

and is provided using a chemical vapor deposition process.

75. The method of claim 74, wherein said protective layer is a photoresist layer.
76. The method of claim 75, wherein said photoresist layer is provided over
substantially all of said second conductive material 80 as to be substantially co-extensive
therewith.
77. The method of claim 76, wherein said second opening is provided by etching.
D 78. The method of claim 77, wherein said etching is dry etching.

79. The method of claim 78, wherein sajd dry etching is performed so as to

produce an etch stop on the surface of said third conductive material,

80. The method of claim 79, wherein said third conductve material is a polysilicon

plug.
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to be co-extensive with said second conductive material outside of said first opening

82. The method of claim 81, wherein said metal-containing fill material is provided

in said second opening to substantally fill said opening,.

83. The method of claim 82, wherein said removing of said metal-containing fill
'") material and said conductive material from over said insulative material is performed by

planarization.

84. The method of claim 83, wherein said planarization is chemical mechanical
planarization.

85. The method of claim 84, wherein substantially all of said metal-containing £ill
material is removed from said first opening so as to form said bottom clectrode of said

capacitor.

86. The method of claim 86, wherein prior to said removal of substantially all of
said metal-contaiping fill material from said first opening, an oxide layer is deposited over said

second opening containing said bit line conductive plug.

87. The method of claim 86, further comprising providing a dielectric material over

said bottom electrode.
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89. A method of planarizing a conductive material formed over an opening without
substantially deforming said material, comprising:
contacting said conductive material with a metal-containing fill material such that
said fill material is over said conductive material and at least partially fills said opening; and
planarizing said conductive material and said metal-containing fill material wherein a

top portion of said conductive material and said fill material are substantially co-planar with a

top portion of said opening,.

90. The method of claim 89, wherein said planarizing is performed using chemical
mechanical planarization.

91. The method of claim 89, wherein said contacting is performed so as to support

said conductive material during said planarization.

) 92. The method of claim 89, wherein said conductive marerial is further formed

outside of said opening prior to performing said contacting.

93. The method of claim 92, wherein said fill material is further formed outside of
said opening prior to performing said planarization.

94. The method of claim 93, wherein said contacting is performed so as to

substantially fill said opening with said fill material,
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95. The method of claim 94, further comprising removing substantially all of said
£ill material from said opening after said planarization.
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