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-1 - CAPPED | NTERLAYER DL EFLECTRI C FOR CHEM CAL

MECHANI CAL POLI SHI NG BACKGROUND OF THE | NVENTI ON 1. FIELD
OF THE | NVENTI ON The present invention relates to the field
of sem conduct or fabrication and nore specifically to a nethod of
form ng an i nterconnect structure in an integrated circuit. 2.
DI SCUSSI ON OF #Ricio%/ig$93 ART Today, integrated ci rREOVUSS6/E5201 nade
up of literally mllions of active devices fornmed in or on a-silicon
substrate or well. The active devices which are initially isolated
fromone another are |ater connected together to form functional
circuits and conponents such as mcropr-pcessors. The devices are

I nt erconnect ed t oget her through the use of well known nultilevel

i nter.connections. A cross-(XPPEDRSTERLAYER DIEECERICFORICHEMIGAL!

mul til evel interconnection structur | in Figure 1.
| nt erconnection structures nornall W?quOLl%Eﬁ% ayer of

metallization, an interconnection |layer 102 (typically al um num al | oy
with up to 3% copper), a second |ayer of metal | i zati on 104, and
sonetinmes a third orgéeéw& pﬁm metal lization. Interlevel
dielectrics 106 (IL Simmmav; (Sierr]) are used to
celectrically isolate the different |evels of metal lization on silicon
substrate or well 148 FIfDP OF FHE INVENTION connections between different

I nterconnection |evels are nade t hrough the use of netallized vias

110 fornmed in ILD 106. In a sinilar manner, netal contacts 112 are
used to form el ectrical TbRMsesensiavention relatesia the field ofoseRaicon@UCtoEY | s

and devices forned ifgbridationldhd méhespecificallyrdal mettd dflormigg aant acts 112,
hereinafter collect Wt%l'éénlhg egtn?cguxte inah integrated circuit.

2. DISCUSSION OF RELATED ART

Today, integrated circuits are made up of literally millions of
active devices formed in or on a silicon substrate or well. The active
devices which are initially isolated from one another are later
connected together to form functional circuits and components such
as microprocessors. The devices are interconnected together through
the use of well known multilevel interconnections. A cross-sectional
illustration of an ideal multilevel interconnection structure 100 is
shown in Figure 1. Interconnection structures normally have a first
layer of metallization, an interconnection layer 102 (typically
aluminum alloy with up to 3% copper), a second layer of
metallization 104, and sometimes a third or even a fourth level of
metallization. Interlevel dielectrics 106 (ILDs) such as silicon dioxide
($i02) are used to electrically isolate the different levels of
metallization on silicon substrate or well 108. The electrical
connections between different interconnection levels are made
through the use of metallized vias 110 formed in ILD 106. In a similar
manner, metal contacts 112 are used to form electrical connections
between interconnection levels and devices formed in well 108. The
metal vias 110 and contacts 112, hereinafter collectively referred to as
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"vias" or "plugs", are generally filled with tungsten 114 and generally
enpl oy an adhesion |ayer 116 such as titanium A presently
preferred interlevel dielectric filmfor ultra |arge scal e integrated

circuits is a r phosilicate glass (BPSG film for b

at nospheri c ch%%@?g‘%\%apor deposition (CVD). At mospher |{EEIWBT3§G

| ayers are preferred because they can be formed very conformally and
thereby can fill high aspect ratio gaps created by the high density
pl acenment of active devices on a sem conduct or substrate. Atnospheric
BPSG | ayers can fill high aspect ratio gaps wi t hout creating voids
therein. Additionally, at nospheric BPSG | ayers are preferred because
deposi ti on machi ner yvias” or "plugs"epea generally ﬁblgémh\tvénﬁgertg%andcgemraﬂyher

| LD equi pment such efnploy anaahagaﬁl amg@ihcnmerﬁtsﬁll‘myapor deposi tion

( PECVD) equi prrent . n hgr P ca
deposited rel atively fasf\Aig'jrese’{tPy §+ éff r;gﬁgvgi adgl\ﬁgr%%ﬁﬁu {]ar _
A presently pref err seplerintpgratest cirenitsiing fQQhoiﬂhWI lﬁéfejslﬁsa@é}g film 112 in
an ultra large scal ﬁ)rtrneda Hhﬁbsphemwﬁemlaalaratpw@&peﬂtxbht(@wpceSS

which util h |

ol ug p?’oée'siesv.caehmﬁ o ﬁféﬂa?w%vﬁﬁ ‘@%@%Q‘%np‘jef*‘ﬁ?‘%& BRLAE N6

| i nes or seni conducfames vy cenformallyean 3195%’}’ canyfill high mecamgams

~ layer such as ti tancmatem by tittchigh densive plaventent be attive devdcésdrat he vi a

s et Cont OLdlcoh St Siblidhd? SuileBREAL pESEORILRTAVAN Hidle |

adhesi on Iayer and 'S con I nue
via hole is conplet B#R?CF FatiogaRS w#hpuhggem vRide: thereine g ditipnally.or ned
on top of the surfaagnesphiefic BRSKG layerscdre\predfepsedCheansatepasition nffthinery

polishing to thereb lI ﬁ{tfvei’y ﬂ;{%}(ﬁhngfk@ageoﬁk,g&dt @SQFPE%%&@?“%FS;J@ as

preferred because t ey can
required to make el BiSHiacen m&@m wapa%ﬁsmsytl%ék%@ VB tqquipment.
devi ces forned bel oAdditionally, amasphenbcﬂﬂS@ﬂamtdrﬁxWémxtpﬂuglaﬁW@ﬁﬁﬁﬁs

and at nospheric Bpsﬁlowmrgoﬁ'?go AVEles thidu % Lt.they are inconpatible with

one anot her. The

S that ol i.shi rocesses arge not
sel ective enough 3 PIesR RS EIStDE‘G ‘E"f BHRg PAIZOR K1as,}{0pand
pol i shing back the 112 manuhgslaege $ca;aem,axaU§4Sbslrant iscd tungsten plig protedsayer

can be removed fromyhich utilizes chemical mechanical polishing. In a typical tungsten
plug process, via holes are etched through an ILD to interconnection
lines or semiconductor substrate formed below. Next, a thin adhesion
layer such as titanium nitride is formed over the ILD and into the via
hole. Next, a conformal tungsten film is blanket deposited over the
adhesion layer and into the via. The deposition is continued until the
via hole is completely filled with tungsten. Next, a metal film formed
on top of the surface of the ILD is removed by chemical mechanical
polishing to thereby form a metal via or plug. Such processes are
preferred because they can fill high aspect ratio vias which are
required to make electrical connection to densely packed active
devices formed below.

A problem with tfungsten plug processes and atmospheric BPSG

ILD layers is that they are incompatible with one another. The
problem is that tungsten polishing processes are not selective enough
to atmospheric BPSG ILD layers. As such, when polishing back the
tungsten layer, a substantial amount of ILD layer can be removed from
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whi ch clear tungsten first. If too nuch ILDis lost during the

tungsten plug process, shorts can devel op between active devices and

the first level nmetallization or between |evels of netallization. Thus,
present processes which utilize both atnospheric BPSG | ayers and

chem cal necharwoatnaemgst en pl ug processes are unreliabl e an#CT/US96/15201
unmanuf act ur abl e. As such, what is desired is an

I nt erconnecti on schene wher eby an at nospheric BPSG | ayer and a
tungsten plug process can be utilized t oget her. SUWARY OF THE
| NVENTI ON The present invention gescribes a nmethod of formng
a novel i nterconnection structure for an integrated circuit.

Qccor-di ng to the . uga@%%&?éle&ﬂéﬁ%&tbﬁ?irst@ it6S ki O is?hﬁd@?ﬁ%’iﬂéi ng
oron an phosphorous . formed By, at mospher | i s deposited ove e
sem conduct or subst rtglpg_stelmgug iPragessyshgets Icﬁﬁ @"F@I’% eEh 8ﬁ$xé%flgvces and
~meghani cal |y pol i shelte(fizsPleveb nfetallization endetwean kwelsaafonetadlization. Thus,
second "undoped oxi depﬂe@éfggrseésgwwhych%m&nmﬂﬁﬁ hérVBPSG layers afi@Posi t ed
|

on the planarized first .oXide.layer. An opening is ?hen . .etched
through the first arffie@¥ HBWI%F .Pﬁ‘&:ﬂmfﬁﬁe?\?ée p&w}ab?e and

‘conpri sing tungst en ursnahefactteabid.t ed i nto the openi ng and over the
second oxide |ayer. Finally, the conductive |ayer is polished back from

the second oxide layer to forma,rilled.openin ILch 1s substantiall
pl anar with the second oﬂsd%u'ﬁrﬁ]aw kis desi ‘ép%"%ﬁ\o%ﬁ%,'&ﬁ‘gﬂ‘ ﬁﬁx_\e-ﬂﬁere\b/y

DRAW NGS an gtmpspheric %?SGdaY&rmm; tungsteroplug progess-candie whiligedvi ew
showi ng a pri ortogéﬂhef,nt erconnection structure. Figure 2a
Is an illustration of a cross-sectional view show ng a sem conduct or

~substrate having a plurality of devices forned thereon.
RY OF THE INVENTIO

The present invention describes a method of forming a novel
interconnection structure for an integrated circuit. According to the
present invention, a first oxide layer comprising boron and
phosphorous formed by atmospheric CVD is deposited over the
semiconductor substrate. The first oxide layer is then chemically
mechanically polished (CMP) to form a planarized surface. Next, a
second undoped oxide layer formed by plasma enhanced CVD is
deposited on the planarized first oxide layer. An opening is then
etched through the first and second oxide layers. A conductive layer
comprising tungsten is then deposited into the opening and over the
second oxide layer. Finally, the conductive layer is polished back from
the second oxide layer to form a filled opening which is substantially
planar with the second oxide layer.

BRIEF DE ON OF RAWIN

Figure 1 is an illustration of a cross-sectional view showing a
prior art interconnection structure.

Figure 2a is an illustration of a cross-sectional view showing a
semiconductor substrate having a plurality of devices formed thercon.
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Figure 2b is a cross-sectional illustration of a sem conduct or

substrate showing the formation of a first interlayer dielectric on the
substrate of Figure 2a. Figure 2c is an illustration of a
cross-sectional view show ng the pl anari zation of the first

interl ayer di eMR¥¥2on the substrate of Figure 2pb.  PCT/USIGN5201
Figure 2d is a cross-sectional illustration showng the formation of
a second interlayer dielectric on the substrate of Figure 2c.

Figure 2e is an illustration of a cross-sectional view show ng the
formati on of openings in the substrate of Fighre 2d. Fi gure
2f is an illustration of a cross-sectional view show ng the formation
of . avia fill material on the substrate of figure 2e. Fi gure

2g is an illustration of F%uié Eﬁsis 8 ebdsRediondl S stUUN&F 4 S&8niconducter! | Shi ng
of the via fill materjal On t esbfftrate OffFI U{e 2f to%%rg%r. hfllled
comtact openings. Substrate sm“"“&#\j prmation of a fitst [metlayer;diglegiricon the
cross-sectional vi esulstram afFigure 2a.t he formati on of a |evel of

THE. PRESENT | NVENTI Q. Figulé 2 & af ULLBLER of 3 cross sccubAbl HEw NG el o
met hod of fabricati %‘“aﬁmﬁo’é Rf e @?%6%3@8}’%0%‘9&%&{,%%, the f‘%usiﬁ?*? R? Z:&”é? ed

circuit. In the fol 8w ng description, nunmerous specific details such
as specific process steps, materials, and di nensions, etc. are set

forth in order to providg a . _thorou under st andi of the present

invention. It will be ob 85'632‘1 ‘““f’"‘ffé%ﬁ%@@?& @Hg%%éo%gg?‘f’&fﬁ? agiPP,
that the present inobaseesmdnnferlayer dielectyie antthe subsirateef Figwre2e specific
details. In other instances, well known integrated circuit -

: manufacturing steps and ?{gﬁ}gﬂg ?st axt] A istration of a cross-sectional view showing the

formation of openings in the substrate of Figure 2d.

Figure 2f is an illustration of a cross-sectional view showing the
formation of a via fill material on the substrate of figure 2e.

Figure 2g is an illustration of a cross-sectional view showing the
polishing of the via fill material on the substrate of Figure 2f to form
filled contact openings.

Figure 2h is an illustration of a cross-sectional view showing
the formation of a level of metallization on the substrate of Figure 2g.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

The present invention discloses a novel method of fabricating
an interconnection structure in an integrated circuit. In the following
description, numerous specific details such as specific process steps,
materials, and dimensions, etc. are set forth in order to provide a
thorough understanding of the present invention. It will be obvious,
however, to one skilled in the art, that the present invention may be
practiced without these specific details. In other instances, well
known integrated circuit manufacturing steps and equipment have
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been set forth in detail in order to not unnecessarily obscure the

present invention. The present invention is a novel nethod of
formng an I nterconnection structure for an integrated circuit. The
preferred enbodi nent of the present invention enables an atnospheric

chem cal vaporweegagissed BPSG | ayer to be used with a tungst ACTISAG15201
process utilizing chem cal nechanical polishing (CMP) to provide a

manuf act urabl e, high density interconnect structure. Accordi ng
to the preferred enbodi nent of the present I nvention, a sem conduct or
substrate 200 is provided. Devices 202, .5-such as netal oxide

sem conductor (MOS) transistors are fornmed in t he sem conduct or
substrate 200. Prefgpablen setifbrth iifl Aetall nC6rdRE t&Nofunnecessatfly lobabing vhd
process on the source, drain, and poly gates of the MOS devices to

i nprove contact resPEESERLIMVERHIONyi ce perfor mance. The active devices

are initially isolated fFhnpresenainyventionly af navel methdd of formingghons 204.
Alt L hough olrII%/ (I;/DS tﬁﬁék’it bﬁl}l&{tﬁl nasrtﬁ.}c&‘&@t ‘é!@r at?t_LihEég'i-i’tgﬁ cifdit. The pfa“érdre&nt ain
otner conpleted or altl,a C eted ac :ve an assl ye.devl ces
such as. but not |1 FRPeAReRt of (8 Bresent Jypiios hablps gn AEGIPRERS,

transi stors, capaci clmmi,calavap_owlepesitadsBPsGdayemq ib?iusﬁdlwi}h aatll_nggagrplug
se[)n ;:onfluct or bs }[Jbstﬁﬁé:gssz&@liiiﬁgQh@ﬁt%a@%éﬁhﬁni&ﬂﬁ&lﬁé&ﬁhg"(tm tt%l ﬂn!&lﬁlb a
supstrate, supstrate an;, CORPLLI Se _qarner, sen c LIC materil a

such as, but not Iiﬂapggac ﬁab&aﬁglh e%?’éyemtaﬁc%ﬁﬂacq&g?uréﬁ{efjm and may
contain additional deposhtcendingrtrdba pueieriedemieediment of the present

epi taxial silicon |myehfien, a semiconductor Bbsttate 20Giseprovidead. dDegices 2036

present invention, as,shown ikn_. Flgure 2h i o forman.interlayer

dielectric (ILD) 2O%mg\ﬂgrmsﬁggﬁdgtsgmxcox%lucg%&gggf g‘gg}flg&g%ag f#’%ﬁ%ﬂ'

t hereon. The pur postiesemicondrg®risybstoate 200. Peeferably. sHidide isformed byai ces

202 from subsequent deyf-{1pn@8pristdss lohi thalsb@fte, drain, anwepbliyGgatelf 6 therMEst t he

B oo 1 oo A8 oL ol At sn aoEPEIORNIRR, The 0
deposi tion (CVD). e deyines are intiially jselated from one angtherdyy fefdddese i t
can be forned conf aeghins\2080 Alttughdsmly WIO§ transistorsare ghawiy sabstrdté 20&f or e
fill small gaps bet*@f RoREUR 6fHYr cﬂﬁ“ﬂl&%ﬁ &Op?artially completed active and
passive devices such as, but not limited to, bipolar transistors, thin
film transistors, capacitors, and resistors, etc. Additionally, although
semiconductor substrate 200 is preferably a monocrystalline silicon
substrate, substrate 200 can comprise other semiconductor material
such as, but not limited to, gallium arsenide and germanium and may
contain additional deposited semiconductor materials such as
epitaxial silicon layers. _
The first step according to the present invention, as shown in
Figure 2b, is to form an interlayer dielectric (ILD) 206 over substrate
200 and devices 202 formed thereon. The purpose of ILD 206 is to
electrically isolate devices 202 from subsequently formed metallization
used to interconnect the devices into a functional circuit. ILD 206 is
preferably a borophosphosilicate glass (BPSG) formed by atmospheric
chemical vapor deposition (CVD). An atmospheric BPSG layer is
preferred because it can be formed conformally to the underlying
topography and therefore fill small gaps between adjacent devices 202
without creating voids therein. ILD 206 is preferably formed by
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- 6- at nrospheric CVD in a W999 TEGCS nachi ne using a tetraethyl
orthosilicate (TEOCS), oxygen ((Jerr]), phosphine (PHerr]) and diborane
(B[err]H err]) chem stry to produce a silicon dioxide (SiJerr]) filmwth

an appr oxi 3% boron and 6. 3% phosphor ous concentr,
appr oxi mat el y%g% oxi de layer is forned. @%%6 S

preferably densified using rapid thermnal processing (RTP). One of the
goal s of densifying ILD 206 is to accel erate the incorporation of
dopants into the oxide to stabilize it. By % using a RTP process, steam

fl ow processing can be eli m' nat ed. The use of steam f| ow processing

I s undesirabl e because |]t'1 a thi OXi at the BPSG’ﬁI l'icide
i nterface which corfdTER %F‘% im W99 TEOS F%uﬂPgtahée‘E?q ¥4 de during

its growth. By uti larBiosilicatATEQS) oxyggen (02), phospihine (Mi23)aarisl dibordme
densification, no Q’Sbﬂ%) %Tl Clnye ﬁfodl?ce a sxﬂ%?ﬁﬁi%kldec@f@ﬂ ﬁ!&ﬁ%ﬁ?ﬁn

enabl ing the scal ing o g formed On source drain
regions to acconpariPPEeximalglyod% hezon gnf&3% phosphprays ﬁ%ﬁﬂq’%ﬁ‘P’BeMs. The
use of RTP for densappronmatdylmﬂemuﬂedayens foritedr nal budget, and in

turn, transistor perfor K42y 966 BlhaMrahly denkieBIRinlAia thiriithicy ! €.
terr;)elrgt 3r eyiesset IPAf oce sf??é@ﬁletqst%? Qgﬁf’fde“s’g"%%gqr‘ ‘a‘ﬂ‘bn of the
silicides. That is ascélexatei&éZﬁ@orpmmNn pbHHopants into the dxidghter stdbitigefit. cBy i on
temper at ur es. usin T!‘*ir;%@%v"@ﬁhﬁx RodfidceRing O $@Qnr§%§t@&e'r§@8 of

| LD 206 is non nar to the under gb rapﬁg creat

devi ces 202 Stiem flgw ProsPRsing Soindes %%3%5 IRy | s
due to the ca:xidnf atthedBRRG/silidde imterface phidPamsunyesra dlsstantial

Addi tionall'y, the Iportxon@?’iﬂé&ﬁi@fdetdlﬁﬂggﬁ@ Yowth. aiamtm egt *ﬂihe%xfo%sés t hat
steam fl ow pr.o esswg S rteff e:ﬁia }1 unseéi 40 ?l?e

i nvention. Steam f I8 2 ég% S R ?{BI 5 8 gl%% $l anari ze the
t opogr aphy of BPSGBPSG/sxlﬁqg!emerfaee;gnsblmg]&\et gneling of silicideothickness D 206 i s
nonpl anar, it is fome@b&%@lséafhea&aﬁh ﬁwtﬁ@uﬁ@aa scalidly 8Dfhd éburce

prereh s planat 1 80 L i, el 1 LD SR o,
associated with reffh@im%iri@!ldﬁ%hand in mr@aé‘[@%ﬁ&d@é‘&mﬁﬂ?@@% stegnpr ef er abl y
pol i shed back fromfhh0@fassTlow cycles. Additionally, the RTP process is preferably
performed at a temperature less than 875° in order to prevent
agglomeration of the silicides. That is silicide 203 cannot tolerate
higher densification temperatures.
As shown in Figure 2b, the top surface 208 of ILD 206 is
nonplanar due to the underlying topography created by devices 202
and isolation regions 204. The nonplanar topography is due to the
conformal deposition nature of BPSG layer 206. Additionally, the
nonplanar topography is also due to the fact that steam flow
processing is preferably not used in the present invention. Steam flow
steps generally help to smooth or planarize the topography of BPSG
layers. Because the top surface 208 of ILD 206 is nonplanar, it is
planarized as shown in Figure 2c. ILD 206 is preferably planarized by
chemical mechanical polishing because it creates global planarization
as opposed to only local planarization associated with reflow and etch
back processes. ILD 206 is preferably polished back from 18,000A to
approximately 4500A + 1500A over devices 202 to form a planar
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-7- surface 210. By initially formng ILD 206 very thick, a good
amount of margin is provided for the chem cal mechanical polishing
process. According to the preferred enbodi nent of the present

I nvention, ILD 206 is chemcally nechanically polished using a slurry
conpri sing si Wa/233a sol uti on of potassi um hydroxi de and VMIRAUS96/15201 ( KOH
+ H20) using a Westech 372M polisher. It is to be appreciated

however, that any well known CMP process can be used to planarize | LD
206. A obal planarization of ILD 206 is desired because it
forms a very planar |ILD surface 210 wig-ch enabl es the shri nki ng of
nmet al lines, as well as increasing the nunber of netallization |ayers
whi eh MRy besitad 310, ByPirfEAf forining KL 008 GeAPRIEE | Aeh &t BF

st acki ng of addi tional ‘| nterco neﬁt on Il!}%ﬁr . on top.of one anot her
produces a nBIREERA§ Y %ﬂo‘%’?’éﬁ%ﬁ.e@g@é\ B?‘C?WIHQ%&PFQ%SF'M of
14D 206, f abri cat Actordinghicetine preferesiserpbodinyent exf che gdeseant act / vi a
openi ngs, . ang{vehtiBRIAID bO@%eheBﬂ@illf'%&haﬁx‘EﬂK g@ﬁﬁ{&gﬁsin a slu

el ectromgration, and .. Loet.al stlgger§ are reddced I.H thﬁ reserl?{y

i nvention. Additi oA PySingfilica in a sojuton of polassin hydredde @A Wetehar i zat i on
achi eves gl obal pl i + §120) usingm Westecht372lvppalisher. lds &0 bpapprediased
repercussi ons suchh@weedtafat Afly well knSWh RUPSHocs @afl fbe\itied B ARR4riddINTSt en
plug polishing te y for contact/via filling which’in turn
allows netal 1 dinenstons to be nore uni form and subsequent |LD

t hi cknesses to be ni ni rfFipbal planarization of INEX206 i5slesiret]l hecause itformsasent

i Event | oni:_ a secg@hﬂhﬁﬁm Suirface 2f10 Wﬁigﬂﬁh@’éie&??e Qﬁﬁiﬂllcih !?;f:xﬂ&{%[_ 206 as

shown in Figure s, . f or e a_di tent dielectyi
fPis%‘;]eg& 35 ingreasing ti‘S&‘EPO‘i’?fe%‘d’F‘ﬁIaﬁ&"’ém& Xe5s ‘Bé}cgw, | LD

material than ILD
212 is a material %Ybﬁ%@qi-ﬁfsa@socess._ltg's_, ghbqamgiaspdgﬂhgms(tmgbﬁn does
LD 206 during a saduifiémrihterconneRfibh $4yers ofiltop df Unelirithdroprothicedla | LD 212

a0 LD 206 1092t ied g o oBRPBabl e i the pdlid Setfagtol o 1201 2
of conposite | LD #3brication problems sugly 25 poerly resolvadeeantact4viaopenings, e
subsequent |y for memhd/or metal Hhés, pabt nretdlrseep doverags, el€ronigeftiGee anldD 212 i s
formed t_hi n, metal stingers are reduced in the present invention. Additionally, the
use of chemical mechanical planarization achieves global planarity
which sets up a series of positive repercussions such as enabling
subsequent use of very planar tungsten plug polishing technology for
contact/via filling which in turn allows metal 1 dimensions to be
more uniform and subsequent ILD thicknesses to be minimized.

Next, according to the present invention, a second ILD layer 212
is deposited onto ILD layer 206 as shown in Figure 2d. ILD 212 is
formed of a different dielectric material than ILD 206. As will be
described in more detail below, ILD 212 is a material which polishes
significantly slower (8x) than does ILD 206 during a subsequent
polishing step for plug formation.. ILD 212 and ILD 206 together form
a composite ILD 214 which is used to isolate subsequent electrical
connections. As such, the final total thickness of composite ILD 214
must be sufficient to electrically isolate subsequently formed
metallization from devices 202. Because ILD 212 is formed thin,
approximately 20004, and is formed on a planarized surface 210 of ILD



approxi mately 2000A, and is formed on a planarized surface 210 of ILD
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pl anar top surface 215 wi t hout any additional planarization.

In the preferred enbodi mrent of the present invention where | LD 206
conpri ses an atnospheric CVD deposited BPSG | ayer, |LD 212 '
preferably an Mf}é??%m de | ayer forned by plasnma enhanced Pcrméyglhsgm cal
vapor deposition (PECVD) utilizing TECS and (Jerr] source gases in an
AMAT 5000 deposition machine. It is to be appreciated t hat pl asma
enhanced undoped TEGS oxi de | ayers cannot be forned conformal |y
enough to fill high aspect ratio gaps associ aed with noder n hi gh
density integrated circuits. PECVD undoped oxi de | ayer 214, however,
can be forned uni fom,;compsngnmlmmzme&mbugnxteayplanartcppmfa@eélspl anar
cappi ng | ayer 212 f%ﬂmu'%rﬁi{ gdmnb{.\g Rafizaién. used to fill the high

aspect gaps between adj a ey 2. racterjstic
of ~pl asma enhanced CVD pf’bgé"sg’ée}e’ éteﬁﬁﬂt"‘%‘wsg}?Pg?’Bﬁ present H‘é’ﬁgg OB i c
| ayers. Dense oxi deILRy86 sompnrises an phosphernic GVIB|depesited BPSGﬂ@MBJ,IUﬁﬂl%Io

| ess dense oxide | aypprefards éﬁuﬂ&ﬂﬁﬂi Stifle 3842 Fofnd By plasma Gamareied CVD
oXl1 de | ayers.

B e b s ol

contact openi ngs tosasesmaalAMA'éﬁaQWmQﬂtl% Woﬁ%lsttﬁrh?mfﬁgﬂieﬂ% and
LD 212 to devices that plasih? ehRirted Wwitioped FEQPS WRide lkpareranidtbslforaiedoe

et 1o Torm SRR g A o B i @ LAY
‘Because the goal of maderphighedensityiategrated dreuiss ZBG padppeg oxide layer

density integrated gi4,Hovérerd@n befordibd Gniormlly AAL kabitethe eilolglyed her
necessi tating the fgmga QiflarELRY. ﬁg&%%g%%ézgdﬁ H%6 ysed to

wi de) and cl osely space Ain
| LD 214 nust be suf dhérhﬂgl}/aﬁl?ﬂcbﬁaﬂﬁ)b#%%taélm %@éC%@QzarﬂVb@éHl%e of
the desire to form chdracmrisedf piasmahéndianaed ©MD paddessesiis chatdhe;pfc&l&d

o Dbl oCT e T | e f@ R0y il Hensd SRR erIRANP b PORIEA dlower
szﬁqua’fngﬁeme. ¥t suan doped em@v&wgmy

t echnol ogy. rate
material 218 is bl adkposited CVD oxide layers.

Next, as shown in Figure 2e, openings 216 are formed through
ILD 206 and IL.D 212. Openings 216 provide vias or contact openings to
allow electrical connections through ILD 206 and ILD 212 to devices
202 formed below. Any well known method can be used to form
openings 216 such as reactive ion etching (RIE) in a LAM Research
4500 etcher with a freon based chemistry.

Because the goal of the present invention is to fabricate high
density integrated circuits, devices 202 must be packed closely together
necessitaring the formation of narrow (approximately 0.4 microns
wide) and closely spaced contact/via openings 216. Since composite
ILD 214 must be sufficiently thick to isolate devices 202 and because of
the desire to form narrow openings, high aspect ratio (i.e. deep and
narrow openings) are preferably formed. The best method presently
available to fill such high aspect ratio openings is to use plug
technology.

Next, as shown in Figure 2e, a contact fill material 218 is blanket
deposited over undoped oxide layer 212 and into opening 216. The



deposi ted over undoped oxide |ayer 212 and into opening 216. The
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preferred contact fill material 218 is tungsten because it can be forned
very conformally allowng for the filling of high aspect ratio openings
W thout the creation of voids therein. Wen using a tungsten |ayer

for via fillinywo9mz2ses preferable to form an adhesi on | ayer RORAS96/15201

tungsten deposition. Adhesion |ayers hel p tungsten adhere to the
conposite ILD. lowers contact resistance, and provides a good ohmc

cont act . According to the preferred enbodi nent of the present
i nvention, a thin conposite titaniunititani um-nitride adhesion |ayer

Is used. First, an approximately 200A titanium |l ayer 222 is sputter

ang bot tom of opent P e platchiel 21635 S iflodcatse LA formed
| ayer 224 is sputteV f(5'b§il gp&ﬁ %%éfﬁ aspecLiatiq ppenings
| ayer 222. Next, a wiihout the cleatien offvoidstperein. 20ben uising agungsten layar

fc% mng an Imltlal ﬁgﬁ\ﬂa itfs ﬁ?iﬂéitﬁﬂlinm@%]mﬁfla mg@ by Cerr])
using a silane (S n.of .tun n. hexafl u err
“foll owed by the forf’fﬂ'ﬁl‘:%ﬁ' W@%&Qﬁfﬁﬁﬁ}%"%&v 53%5‘ ‘ﬁ}ﬁr %ﬂé
tungsten |ayer by CwampesitegL® Mexsgmta(qﬂzyswtmanérprgwdwe good ohmithys,
according to the prgﬁﬁg‘&ed enbodi ment of the pr esent |nvent|on

contact fill material er.ab pri,ses, a,.tri

conprising titanium ti t‘g?ﬁ%ﬁ%l“ﬁlt?r*‘éé’re SHE dﬁiﬁ%%‘!‘&ﬁm P?)ﬁ?%pf‘??eﬁg

appreci ated t hat ot Iwentiont athinf ¢dthpesitectitaniumd titanismmaitride aghesiorelayer s
may be used to filljsqzedl Fust, 2hGp proxxmatel?r|200ANﬁ)‘ihlurﬂ$a Mlé l'f’dt&ure 29,

contact fill materi chem ca call ol ck to
“renpove contact fil |3$%qsitfa§l§prwell kmiYg ’T‘F%ﬂﬁ‘%/‘f?miﬁ@?l? %88 Fh‘f E‘%dﬁv Sand
to thereby .forma faud bettom of apeningsc216r Nexigan appraximately 690h ditanium] | y
planar with the topager 32408 sp utier aépodifed Byt wellligiow theafi bRer titdrihmmat eri al

o 025 S R e, M L I A B 11

feri cyani de ( Hpsming-aq mpelrﬁqesi)lamop (apETRm el AL o WREsteR Bat er

di | uted version (9 QYD using afsilahe ($iliy) seductiinuofl jungatenbieexadfladride (MFg)sh of f
titaniumnitride  giowed by the formation of the bulk (approximately 45004) of the

| tungsten layer by CVD using a hydrogen (H2) reduction of WFg.

Thus, according to the preferred embodiment of the present

invention, contact fill material 218 preferably comprises a tri-layer

metal comprising titanium, titanium nitride, and tungsten. It is to be

appreciated that other contact fill materials a combination of materials

may be used to fill openings 216.

Next, as shown in Figure 2g, contact fill material 218 is
chemically mechanically polished back to remove contact fill material
218 from the top surface of ILD 212 and to thereby form a filled
opening or plug 226 which is substantially planar with the top surface
of ILD 214. When the contact fill material is tungsten, the tungsten
layer is preferably chemically mechanically polished back using a
chemistry comprising 0.01 to 0.3 molar potassium fericyanide
(K3Fe(CNg)) and 1-25% silica by weight. A water diluted version (9:1)
of the tungsten slurry can be used to polish off titanium nitride
adhesion layer 224. Additionally, a slurry comprising approximately
0.5 molar potassium fluoride and approximately 0.5% silica by weight



adhesion | ayer 224. Additionally, a slurry conprising approxinmtely

0.5 nol ar potassium fluoride and approximately 0.5% silica by wei ght
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preferably used to polish off titanium adhesion |ayer 222 from|LD

212. The above Lfjed slurries are preferred in the prese
i nvention becat‘]‘g)gﬁﬁhggé all ow for uniformand consistent polis ?Tr%sggf"’zm

tungsten |layer 220 and adhesion | ayers 222 and 224 and the formation
of a plug 226 without substantially recessing plug 226 beneath ILD 212
or without causing an "etch out" of plug 226. .Details on the

nmet hodol ogy and slurries for polishing tungs'tlg'n, titaniumnitride and

titaniumfilmutilizing,the above specjfied slurries are described in
full in US. Pat entwwéese@xaessﬂdoaaﬁﬁbﬁéﬁﬁtamrﬁ@ BB Ry L2 fFep, ILD
which is hereby inc2tpoThe abovry/speetfisdesiarries are preferred in the pregentt ant aspect

f th t i ] i ' _
ol eg:te Ve to | Ll[)méggio‘}ieﬁ?o#;byer 1@"%}’%{%@“"_ for unif8i 120 %ﬁﬁgmﬁ}:ﬁ%@ b
cappi ng | ayer 212 tBmgstensiayer 220 and adhesion fayern?32and 224 and the formagion

coBt act fill matﬁrialaiblhig 2éwithbat sabstanmialiyreéessimgtplag 226 beneathIED21aCr 0SS
substrate 300, thos . e b [ ke resy to
reveal LD 212 wl I%%gg%%%&néﬁgeg@%héagﬁﬁeg%%ag}?é’t?‘atrhg th

bol i shing) whil e ot MEMOHIOEY AEIsIasieAer POliRRnF DBHER Uianumppidnand; ||
continue to polish. tittapunfin ayitizirg] thesdbovespedtied sbirrieh ianeg desaritee in
utilized in the prepgrin U PaldfNG.S ARM0%sERE % iephateriOfs]

removal of contact fill paterial 218 across tHe entire substrat®e 300
wi t hout si gni fi cant MRS REReYINERERCTRIGAATY tHIGISBC)f | LD 214. In this
way, a plug polishing prApdsportantlaspeatiof ahé present irnvedtiontis dort theoplugi ng
about over pol i shi NSk BréesERSb Selbdeive!t9IED ch irx?lﬁ?exb?lznoﬂ?a@ ig, Bk
- on sone areas of - substrat 0 l19/nere. hi,gh 5| sh T. are exper| e ced
or thin layers for rﬂé?fm?%fg;ﬂ%ﬁg[' é’ﬁBPm?llgy?% J8 PO Iagﬁé?tf 5&%‘1%?@ of f
during plug formatigaweCshan contagt/fill materish1f. dimpthis Wiy, eopupiformities
Shon 11L5'1b") Shr| e, okt s gae i agers
embodi ment. of ¢ he. piPCeRstl TR A Wi eSieR gAY slo% ol ik 15t spBRd the
exhi bits about a 32palishing)swhieotheremess withdeordastdill materjal stk prasenpwill
| LD capping |ayer 2dchtithiectd pdlishl "C&iping 18firi21R lloasedvejolishtngrrtotent
utilized in the present invention to assure substantially complete
removal of contact fill material 218 across the entire substrate 300
without significantly polishing away local areas of ILD 214. In this
way, a plug polishing process can be reliably utilized without worrying
about overpolishing causing excessive ILD loss. 1t is to be noted that
on some areas of substrate 200 where high polish rates are experienced
or thin layers formed, capping layer 212 can be completely polished off
during plug formation. Capping layer 212 should provide enough
selectivity to sufficiently retard the polishing process to preserve
enough ILD to fabricate reliable interconnects. In the preferred
embodiment of the present invention, the tungsten polishing process
exhibits about a 32:1 tungsten to PECVD oxide selectivity. The use of
ILD capping layer 212 makes the interconnection process of the present
invention both manufacturable and reliable.
It is to be noted that the polish rates and selectivities provided
herein were calculated by polishing thin films blanket deposited over




i nvention both nanufacturable and reliable. It is to be noted

that—the polish rates and selectivities nrovided herein _were
cal cul at ed by polishing thin filnms bl anket deposited over WO
97/ 12393 PCT/ US96/ 15201

an entire wafer. Selectivities on portions of the substrate will actually
be much | ower due to a "dishing" effect which occurs during plug
polishing. "D wo9g23%s due to the fact that |LDs between derR81us96/15201

pl aced contacts polish much faster than do |ILDs between | ess densely

pl aced contacts. As such, "dishing" causes a substantial reduction in
polish selectivity in areas with a high density of contacts. Thus, care
shoul d be taken to ensure that cappi ng | ayer.12d2 provi des enough
selectivity to counter any "dishing" effect. In the preferred

enbodi ment of the pageABle WS Stivitids on mdi@rzﬂltneshw%te%a dctudly

undoped oxi de | ayer.forned, by p “ en hanced
CVD processes produB Ty v%ggciﬁetoa d’s?'ﬁf Fgec ﬁ’le OCF%s%wel}'g%
procésses produce opplshihgy &Pishing"ds due to the fasct shatJLEsthedween densel )dense

Addi tional Iy, doped m&d‘%ohﬁ)é&rﬁolfsﬁ@ﬁuélpfaster tharbﬁo'IEE‘é uém teb@aexwgor)ed

oxi de | ayers. Dense e | ayer's, genera " | o rat es
than do | ess dense 3%‘353 CPRIASTSs | A?ﬁu w‘:;gi(g\gerc?’é?fg a su%staém?i df t he
present invention, peldgpsele@iviybnmreasewithppphigh density df gpatac] JThs, ratiees
about eight tines siipwad B@Jcrak&gtd aﬁuiﬁé@mhtma ing layer P18 pEoVid& drviighdoes

doped at nospheric C;/Q‘T%N g,e J%{terzgrgr ua;gﬁimgd egEﬁVD ot he bul k of conposite

| LD 214. Faci f Xi de capping |ayer 212
on doped at rmspherh\:ﬂ@\m mhgzévngueof mn@rmmsangmguam i shi ng
process is nuch mégﬁﬁhgm evelusﬁpﬂmwpetdeoixwl bt foriel by plising a

doped at nospheric %g%%ﬁer | %‘%bg@%ﬁ@b#’%&%éﬁgesfﬁc?@nﬁe dense oxide

appreciated, that a
with tungsten poli sl ile atmosphesic M@ﬁjﬁ preduseraide layers whighect

rati o gaps created hyedmbghnﬁany ldsy dehses eAdditionkllgedoprisoXd e layers tend to

Addi tionally BPSG | ntly
nore econom cal t haﬁy%ﬁgﬁgew %E’Eﬁ%hlh ers: Be?trsgoxxde lay?% %gh&aﬁgnm ve
machi nery and becauRdisthratslewer rates thapgle less denspégqc@qlayprse I“tth%?f?fﬁﬁ' de
better wafer througémbbddimenteofithe ppéseat irivention, undoped PECVD oxide capping

layer 212 polishes about eight times slower during tungsten plug
polishing than does doped atmospheric CVD oxide layer 206 used for
the bulk of composite ILD 214.

Thus, by placing undoped PECVD oxide capping layer 212 on
doped atmospheric CVD oxide layer 206, the tungsten plug polishing
process is much more selective to composite ILD 214 than if only a
doped atmospheric CVD oxide layer were utilized. It is to be
appreciated, that although atmospheric BPSG layers are incompatible
with tungsten polishing processes, they are required to fill small aspect
ratio gaps created by high density placement of devices 202.
Additionally BPSG layers formed by atmospheric CVD are
significantly more economical than PECVD oxides because they
require less expensive machinery and because they can be formed
faster (i.e. they provide better wafer throughput). The use of a thin
undoped PECVD oxide capping layer 212 enables the use of a low
density, high aspect ratio filling atmospheric CVD BPSG layer with a
tungsten plug process.



undoped PECVD oxi de cappi ng | ayer 212 enables the use of a | ow
density, high aspect ratio filling atnospheric CVD BPSG | ayer with a

tungsten plug process. WO 97/ 12393
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It is to be appreciated that both atnospheric CVD BPSG | ayers and
tungsten pl ug 0, s are required to fabricate nodern ultr gh
density int egr%e’%%%cw ts. Atnospheric BPSG | ayers are used’%fr s96/152m

hi gh aspect ratio gaps created by dense placenent of devices 202 and
tungsten plugs are used to fill high aspect ratio contact openings
necessary to make contact to the densely pl aced devi ces 202.

Next, as shown in Figure 2h, netal interconne€ts are formed on | LD

capping |l ayer 212 and over an electrical_contact with pl u% 226.
I nterconnects 230 can bdtisciorhecrppreciptpdiibat bathaiproppharic GYPHBREG dgyers

bl anket deposi ting s Eiglm% Protestedreadlaived o FayiRat mbdens ultesl)

over ILD 212 and pI g into
"ndi vi dual metal |iWBR gfggﬂf%g%& aﬁﬁp}?kﬁéﬂmﬁspﬁieﬁ@ﬂﬁéﬁokﬁéﬁ %ogrsgdhtloc
techni ques. At thi filhbigh asneﬁferanms@pé@rﬁa&d by, dense placgmrucq e
present invention ifnd afgsRineplugs are used to fill Asgh Ssp"eeaﬂtﬂoycommmro@&mngs

“Figure 2h, a very pﬁeacggsrea:% agggﬁﬁtta&tothedehgélﬁéﬁéj Ietfetvg&szfa&ructure has

been fabricated. Betay anar with ILD
214, a planar inter conn@&?’ftoﬁs shouen i Figyre 2h, metak W?Fé@l‘chfs are foymed on
appreciated that t lﬁl’:pté;i;ﬁﬂg ldy@y 212 andh ov&narbelectrical canttadtiviiel plug 226.m

addi tional inter CONKAG, i[ﬁ-ur 3 o Vdaﬁ/‘rfe%ﬁ-ﬁuﬁa el fknown meglsé% xﬂ{jas cause

of the very planar e 1nter conne pr esent

i nvention and al rmsl? aﬂlﬁﬁthﬁﬁ"é’d‘%&“@fmm ayer Mqlhezséﬁq Bers eﬁ“’s‘ h be
fabricated al | ow ngoverTLD212i axtd>plugs 226 tandrthen etching tke alangaunuldyers of

di screte devices qu%” 191&1#%&5{){3&@5052? utilizing ﬁ@@%{o%x? such as required

in ULSI circuits. resent invention has
- been described wit Phateh W’%@lﬁtﬁh@#‘quedm this Poé‘h”oéléﬁ HitgTcopResiion, pECVD
- oxi de cappi ng | ayerstiuctiirer ofetheqweserarinvention it cspleer.i c CVD BPSG | ayer in

order to increase the I%g%@&j y *eapmpi me%tymeﬁgngwgs, it

is expected that the. co tion pplied

nc
to other senicondudPHFg '5%@8%@5““1"53?“? Eeen fabncafeﬁ!e g?ﬂi’l i on can
general |y be appl i auxbs@nanuypamwtmwm a plangr interaconnecticirelayen230 is

mechani cal poli shi nBnnedPlt R8ERWppréecielithlt thdGtresent invention can be
utilized to form additional interconnection and via/contact layers if
desired. Because of the very planar nature of the interconnect scheme
of the present invention and almost unlimited number of
metallization layers can be fabricated allowing for the interconnection
of a large number of discrete devices formed in a semiconductor
substrate such as required in ULSI circuits.  Additionally, although
the present invention has been described with respect to a preferred
embodiment where a PECVD oxide capping layer is formed over an
atmospheric CVD BPSG layer in order to increase the ILD selectivity to
a tungsten plug process, it is expected that the concepts of the present
invention may be applied to other semiconductor processes. That is,
the present invention can generally be applied to any process which
utilizes a chemical mechanical polishing (CMP) process to polish back
one material fo fill an opening in a second material and where the
selectivity of the polishing process is not sufficiently selective to the
second material to provide a robust process. In such cases, a suitable



one material to fill an opening in a second material and where the
selectivity of the polishing process is not sufficiently selective to the
second material to provide a robust process. In such cases, a suitable
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capping layer is provided to increase the selectivity of the polishing
process to prowodangsesel i abl e process. For exanpl e, the presaeuruses/is201

i nvention can be used to forminterconnects, such as interconnects

230, by bl anket depositing an alum num | ayer over an ILD with an

opening forned therein and then polishing back the alum num | ayer to
formmetal interconnects. Additionally, the fagesent invention can be
used to increase the selectivity in a CVWP process used to fil

trenches for isolat _té}?}nﬁ léfbrﬁ? FoHaed e itréase the seiectmty of {He aghiﬂg egoi ng
speC| fication, the i

entj on escr | reference to
specific exerrpl ary B Fﬂfﬁﬁﬁ#?e?ﬁo b Q?réﬁbf Ef’vﬁor examp\i\é,ggeg\ﬁ%gﬁt t hat
various nodificati onweandnmartgaessedhtp foerminderconnects, stigh @ Gntercdrmects
depart j[ ng f ro[n the P3madeslasiét’d o§1'?ﬁ|x Sﬁpﬂﬁn?ﬁuh'hﬁyer over A MAD e anThe
present invention is_nq mte
di nensi ons, mat eri aPBS® lﬁﬁgng‘ﬁ‘ﬁﬁ %‘?uhég‘é ﬂé@oﬁgl}lgS,PaleﬁQe atuin | layer
speci fi cat i on and dtcahrngmmlemwgomactﬂgl Additionallye ghae presennimention can

illustrative rat herbéhaéua)ﬁﬁféasemé Qé?ec‘ﬁ@ﬁg‘inaCMP rocess usedtg%ill @ et hod
and structure for bI | n88t he yse of ayer with a tungsten

pl ug chem cal necha %%hes ”sg }? %r t&ggm % acitors. been descri bed.
In the foregomg specnfxcanon, the invention has been described

with reference to specific exemplary embodiments. It will, however,
be evident that various modifications and changes may be made
thereto without departing from the broader spirit and scope of the
invention. The present invention is not expected to be limited to the
specific dimensions, materials, and slurries described herein. The
specification and drawings are accordingly to be regarded in an
‘illustrative rather than a restrictive sense.

Thus, 2 method and structure for enabling the use of a BPSG
layer with a tungsten plug chemical mechanical polishing process has
been described.
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-14- I N THE CLAI M5 We claim 1. A nethod of
fabricating an interconnection structure conprising the steps of:
formng a first insulating | ayer; pl anarizing said first

I nsul ating | ayer; form ng a second insulating | ayer above
said first anarizing insulating layer; fornigg an
opening in sai a"qu’P%?’ Band second insul ati ng | ayer; PCT/US96/13201
depositing a conductive material into said opening and onto sai d
second insul ating | ayer; and pol i shing said conductive
material fromsaid second I nsulating |ayer so as to forma conductive
filled opening which is substantial |y pPanar with said second

i nsul ating |ayer, wherein said pol i shing steputitizes a polishing
process which pol i sENSTHEICLAIMSt i nsul ati ng Ia aid
second insul ating | ayer. 2. The nethod of | !‘m/&m“m‘msal d
second insul ating | ayer conprises a plasna enhanoe c

3. .The nethod of O ai m WEHHB¥n said first insulating |ayer is
BPSG | ayer fornmed by atnospheric chem cal vapor deposition utili 2| ng

a TECS source gas. 1. A metfiod BISabmiing & iftbrofihdcidiesiphétusei d second
i nsul ating | ayer ?\9053 an émdoped oxi de | ayer formed by plasnma
enhanced cherrFS’é‘Pr\?gﬁ) ion utilizing a TECS source gas.
5. The nmethod of aim5 V\/rfermmg & first iosulating laxer] ayer conpri ses
- tungsten. WO 97/ Bi2Patizing said first insulating layer;
PCT/ US96/ 15201 formi : . .
orming a second insulating layer above said first

planarizing insulating layer;

forming an opening in said first and second insulating layer;

depositing a conductive material into said opening and onto
said second insulating layer; and

polishing said conductive material from said second
insulating layer so as to form a conductive filled opening which is
substantially planar with said second insulating layer, wherein said
polishing step utilizes a polishing process which polishes said first
insulating layer faster than said second insulating layer.

2. The method of Claim 1 wherein said second insulating layer
comprises a plasma enhanced CVD layer.

3. The method of Claim 1 wherein said first insulating layer is
a BPSG layer formed by atmospheric chemical vapor deposition
utilizing a TEOS source gas.

4. The method of Claim 1 wherein said second insulating layer
comprises an undoped oxide layer formed by plasma enhanced
chemical vapor deposition utilizing a TEOS source gas.

5. The method of Claim 5 wherein said conductive layer
comprises tungsten. -



-15- 6. The nethod of Caiml wherein said first insulating

| ayeris an_atnonspheric CVD oxide |ayer sul ati ng

| ayer is a pl asma enhanced CVD oxi de | ay 7. A net hod
of forming an interconnection structure on a I@Ilulm’ H» lﬁ!ﬂr substrate
conprising the steps of: form c N | ayer

conpri sing boron and phosphor ous above said substrate;

pl anari zi ng saiwio®¥/123¢3 oxi de | ayer; f orm ng ORCTIUSI6A$IBI ON
said planarized first oxide |ayer; formng an opening in-
'said first oxide |layer and said undoped oxi de | ayer;

depositing a conductive |ayer conprising tungsten in said openi ng and
over sai d undoped oxi de |ayer; and -15- pol i shing said
conductive |ayer so as to renove said conductive |ayer fromsaid

LR En AL btk oy SR e ol whernd et iver i
The net hod 01}/ ?:I ai m3h %\ﬂ&s@ﬁﬁ“&% Bﬁd&ﬁ%‘s’{i%‘ Ta&;&gec@fv?insulating&wg&s Sy

at nospheri ¢ cheni calplaspaenbanced EVBroxide laysrng a TECS source gas.

9. The nethod of Caim?7 wherein said undoped oxide |layer is f or med
by plasma enhanced chemggal ,Vv r d Ltlon | 1Lz . source
gas. 10. Theﬁ ne‘@h%gﬁl&d @0@?‘:’%‘*}8 ﬂ%%ﬁ&@%& s?frrlllﬁnfr%-g)gf?ep of :
formng an int er conrsemtandusias substrate comprésingtheistepapér  and over said
filled opening. fotthingl B €irsEdi@eél 14yer Chiiphisihg\BéYoRi dhdsai d

POLL S 00 18 4t L ffprorous B Bl ' S saud [LTSE oxide ayer
PCT/ US96/ 15201 planarizing said first oxide layer;
forming oxide layer on said planarized first oxide layer;
forming an opening in said first oxide layer and said
undoped oxide layer;
depositing a conductive layer comprising tungsten in said
opening and over said undoped oxide layer; and
polishing said conductive layer so as to remove said
conductive layer from said undoped oxide layer to thereby form a
filled opening which is substantially planar with said undoped oxide

layer.

8. The method of Claim 7 wherein said first oxide layer is
formed by atmospheric chemical vapor deposition utilizing a TEOS
source gas.

9. The method of Claim 7 wherein said undoped oxide layer is
formed by plasma enhanced chemical vapor deposition utilizing a
TEOS source gas.

10. The method of Claim 7 further comprising the step of:
forming an interconnection over said undoped oxide layer
and over said filled opening.

11. The method of Claim 7 wherein said polishing step utilizes
a slurry which polishes said first oxide layer faster than said second
oxide layer.



-16- 12. The method of Caim 11 wherein said sl—w
(?). 13. The nmethod of Claim?7 further conpr t he st eps
rapid thermal processing prior to planarizing said first Hﬂlﬁ ”1’" :
in a N2 arrbl ent to densify said first oxide |ayer.

met hod of C’aim 7 wherein said first oxide | ayer is pl anar| zéd by *
chem cal nechani cal palishing. 15. A nethod of f

contacts to deWR¥4 2$ Brmed on a sem conduct or substrate, #Lg’l?ﬁg! hod
conprising the steps of: formng a first oxide layer on
said substrate and over said devices, said first oxide |ayer

conpri sing boron and phosphorous and formed by at nospheric CVvD
utilizing a TECS source gas; -1éheni cal nechani cal poli shing
said first oxide layer to form a planarized first oxide |ayer;
depositing a capping oxide layer on said planarized first oxi de

| ayer, said capping oxi4g MR¥GhethBHYT CIbiS 13RNvherelry sdiadnRed cafitprises (?).
formed by plasma enhanced chem cal vapor deposition utilizl ng a TECS

sour ce gas; etchlng contact_ openi ngs throu sai d cappi ng
| ayer and said pl dBadheanethp sltfcailir@lg ﬁuaghsr COMPIiSing g@\ﬁtéﬁ%o

bl anket gep05| ti ngI a conduq,a MQhéﬂd\i ﬁoﬂwphnagzmg said Firgtandds
over said capping
chem cal nmechani cal E&S{;ﬁ"%ﬁrﬁg 81e con Geri ve ﬁp{wx;@et ?I al so as to
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15. A method of forming contacts to devices formed on a

semiconductor substrate, said method comprising the steps of:

forming a first oxide layer on said substrate and over said
devices, said first oxide layer comprising boron and phosphorous and
formed by atmospheric CVD utilizing a TEOS source gas;

chemical mechanical polishing said first oxide layer to form
a planarized first oxide layer;

depositing a capping oxide layer on said planarized first

_oxide layer, said capping oxide layer being substantially undoped and

formed by plasma enhanced chemical vapor deposition utilizing a
TEOS source gas;

etching contact openings through said capping layer and said
planarized first oxide layer to said devices;

blanket depositing a conductive fill material comprising
tungsten over said capping layer and into said contact opening; and

chemical mechanical polishing said conductive fill materijal
$o as to remove said conductive fill material from said capping layer
to form filled contacts, wherein said chemical mechanical polishing of
said conductive fill material polishes said first oxide layer faster than
said capping oxide layer.



