FCRNWTICN OF A METAL VI A USING A RAISﬁ E@%
,vASﬁRUCTURE BACKGROUND OF THE | NVENTT ON 1) FI OF
¥ "THE | NVENTI ON This invention relates to the fabrication
processes use to create sem conductor devices, and nore specifically to
‘nmet hods used to create netal via structures, used to interconnect

overlying and underlying netallization |evels. (2) BACKGROUND OF THE

| NVENTI ON The sem ¢onductor industry is continually striving
to increase the performance of sém conductor devices, while stil

mai nt ai ni ng, or decreasing, the manufacturing cost of these sane

sem conduct or devi ces. Thesé objectives have been successfully addressed
by the ability of the sem cormTION CFalhr MEZRL MIACUBMGIAY to successfully
create silicon devices with specific sub-mcron features. The advent of

m cro-miniaturization, or theRASSERMETAB- PLYG STRYCKERE ur es, has |argely
been acconplished by advances I n

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

This invention relates to the fabrication processes
use to create semiconductor devices, and more specifically to
methods used to create metal via structures, used to interconnect
overlying and underlying metallization levels.

~- -

(2) BACKGROUND OF THE INVENTION

k3

The semiconductor industry is continually stri#ing to
increase the performance of semiconductor devices, while still
maintaining, ox decreasing, the manufacturing cost of these same
semiconductor devices. Theéé objectives have been successfully
addressed by the ability of the semiconductor fabrication community
Lo successfully create silicon devices with specific sub-micron
features. The advent of micro-miniaturization, or the use of sub-
micron features, has largely been accomplished by.adwances in
several semiconductor fabrication disciplines, specifically‘
photolithograhy and anisotropic dry etching. The deveiopment of

more sophisticated exposure cameras, as well as the use of more



_segveral sem conductor fabrication disciplines, specifically
. “.pHotbl i t hograhy and ani sotropic dry etching. The devel opment of nore
+ sophisticated exposure caneras, as well as the use of nore
- 2- sensitive photoresist materials, have resulted in sub-mcron inmages
in photeresist layers being routinely obtained. In addition simlar
advances in dry etching, or reactive ion etching, (RIE), have allowed the
sub-m cron i nmages in photoresist |layers, to be successfully transferred to
underlying materials, used for the, construction of silicon devices. The )
use of .sub-mcron features results in decreases in parasitic capacitances,
as well as resistance decreases, both providing performance benefits. In
addition the.smaller features allow a greater nunber of smaller silicon
chips to be obtained froma specific size starting wafer,  thus reducing
t he manuf asensitiye @iwtofesismuateniads, dgvpxesulted in sub-micxep igages)f

sem conductor chips,. fabricated with sub- LG eatilr g8aitd@gs however
create spe&?f?}t?tégﬁﬁ’ss‘b at‘fﬁﬁ?:g?eﬁ,ngn ?uugﬁ]c'%lrjgr?t%grgge W tﬁ sent conduct or

chips; fabgigaled Widtedsess aR0PeaShY € ofepéapitive Fiun exahpie, (REER] filled
via holes, used to
have allowed the sub-micron images in photoresist layers, to be
successfully transferred to underlying wmaterials, used for the
construction of silicon devices. The use of sub-micron features
results in decreases in parasitic capaci;ances. as well as
resistancé decreases, both providing performance'benefits. in
additiéﬁ the smaller features allow a greater number of smaller
silicon chips to be obtained from a specific size starting wafer,

thus reducing the manufacturing cost for individual chips.

The use of semiconductor chips, fabricated with sub-
micron features, does however create specific areas of concern, not
encountered with semiconductor chips; fabricated with less
aggressive designs. For example, metal filled via holes, used to
interconnect metallization levels, are more difficult to form
when using sub-micron designs. Via holes, with sub micron
diameters, are also difficult to fill with conventional
‘ma2tallization deposition techniques, such as'sputtering or
evaporation. The high aspect ratio of the via hole, that is the
depth of the via, divided by the diameter of the via opening,
reguires a low pressure chemical vapor depoéition. (LPCVD)-process
for adequate via hole £illing. Since it is difficult to deposit

aluminum based metallizations, using LPCVD, the semiconductor
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. |nterconnect metal lization levels, are nore difficult to form when using
' sub“micron desi gns. Via holes, mnth sub mcron dianeters, are also

difficult to fill with conventional netallization deposi tion techniques,
such as sputtering or evaporation. The high aspect ratio of the via hole,
that is the depth of the via, divided by the dianeter of the via opening,
requires a | ow pressure chem cal vapor deposition, (LPCVD) process {or
adequate via hole filling. Since it is difficult to deposit al um num based
metal |'i zati ons, using LPCVD, the-s8m conductor i ndustry
has used LPCvD tungsten to fill these high aspect ratio via holes. However
even with the use of LPCVD tungsten, several shortcom ngs still exist.

For exanple since the LPCVD fill of a via hole proceeds by tungsten

deposi ting :ﬁi?iu%ﬁ‘:’;{ Hadegsd rbbp dgsbad @0 21PPaHeat higeakgedd @acegn exi st
in the center tungsten fil Fed via, at the point of convergence of

t he deposi tvizg holeg/.er Howdexs esemmithhere ssk| et (LRCVD Ot RIGEteNC IsayaThl
processes, éﬁg?%cominés still exist. For example since the LBCVD £ill of a
via hole proceeds by tungsten depositing on the sides of the via
hole, a seam or imperfection can exist in the center of the
tungsten filled via, at the point of convergeﬁce of the depositing
layers. This seam:'when subjected to RIE etch back processes, used
to remove unwanted tuﬁgsten from areas of the silicon device, other
than the via hole, can evolve into a larger seam or defect, making
it difficult for subsequent overlying metallizations to
successfully cover. Thus oéer;ying metallizations, thin in areas
- overlying the enlarged seam, mé}-experience higher current

densities than desired, and possiﬁly resulting in electromigration

failure.

This invention will describe a process for creating
metal vias, or studs, using ar:hemically vapor depositéd tungsten
layer, to £ill a narrow contact hole, or via hole opening, in a
dielectric layer. However, to avoid expanding the existing seam in
the tungsten £ill, a photolithographic and reactive ion etching
procedure, is used to remove.unwanted:tungsten from areas outside
the contact or via hole vicinity. These process steps, unlike a
blanket etchback, will not allow the narrow seam in the tungsten
£ill to evolve into a more deleteriocus fault, in areas whére-ﬁhe

- via is directly over the contact hole. In addition this



‘—f:fé'nennve unwant ed tungsten from areas of the silicon device, other than
“the via hole, can evolve into a |arger seamor defect, nmaking it difficult

for subsequent overlying nmetallizations to successfully cover. Thus
overlying netallizations, thin in areas overlying the enlarged seam nmay
experience higher current densities than desired, and possibly resulting
in electromgration failure. This invention will describe a
process for creating netal vias,-ér-studs, using a chemically vapor
deposited tungsten layer, to fill a narrow contact hole, or via hole
opening, in a dielectric |ayer. However, to avoid expanding the existing
seamin the tungsten fill, a photolithographic and reactive ion etching

procedure, Eﬁ‘i’ésﬁlﬁ?rm\’@ ﬂ%@@t e¢ direaaben cuhestal pBSg @YktLtere,t he
Ia es

cont act or ole vicinity e process steps, unlike a bl anket :

et chback, whdd ipatheatbpwurBeca JEr ee seagsien pheg uarigmmm ther Ehetapvol ve
into'a nore deleterious fault, in areas where the % is direc;&g over the
cont act hoferfacenofddet tﬂ:g;ﬁ.epﬁrgc layer, that the com:act ole was formed

in. A first level interconnect metallization structure, is forxmed
from patcerning.E metal layer, overlying the extended tungsten
plug, and when subjected to Subsequenﬁ insulato: deposition and
planarization processes, allow successful contact between overlying
second 1éve1, and undérlying first level metal interconnect
structures, without, the creation of a via hole. Prior art, such as
Cote, et al, in U.S. Pat. No.5,312,512, suggest filling holes in a
dielectric layer with a mecal,_followed by a chemical mechanical

- polishing removal procedure. The.concept described in this

. invention, now disclosed, is.to create a raised, or extended metal
pattern, using a masked, etchbéék procedure, with the raised, or
extended metal structure to be used to allow contact to subsequent
overlying interconnect metallization structures, without via hole

formation procedures.

SUMMARY OF THE INVENTION

It is an object of this invention to £ill narrow
diameter, contact or via holes, with a chemically vapor deposited

metallization process.

It is another cbject of this invention to use

photolithographic, and dry etching procedures, to remove the



-apprpach results in a raised, or extended, tungsten plug structure, that
Is the top surface of the tungsten plug is higher then the top surface of

the dielectric layer, that the contact hole was formed in. A first |evel

i nterconnect netallization structure, is forned frompatterning a netal

| ayer, overlying the extended tungsten plug, and when subjected to
subsequent insul ator deposition and planarization processes, allow -

successful contact between overlyigg second | evel, and underlying first

| evel netal interconnect structurés, wthout the creation of a via hole.
Prior .art, such as Cote, et al, in US. Pat. No.5, 312,512, suggest filling
holes in a dielectric |ayer mnth a netal, followed by a chenlcal

mechani cal UA¥aRFSHiMeFal eafda ko FRReEE U é‘“?hé”é‘@nc%‘?ﬁ r&Sé‘B‘?-’r WE8T® Fhehi s
i nvention, \paw, gé:?f'l osggé L3 t Qe EHA! € rs%'aﬁxg ﬁeﬁ%&?”ﬁeghmgéal

pattern, using a ck prdce ure, raise or ext ended

metal strugiluge &ﬁe _tiﬁxusﬁbé&eal t@wrﬁoai—p@tchﬂnggﬂi@eem. @nasl yi ng
i nterconnect netallization structures, without via hole fornation
procedur es.resulting in a raised, or extendg@mﬂ( BIRSTHEYOUVERT | WYgre the

It is an o C ven narrOM/d t t or via
hol es, wi tﬁé% tsﬁg%ﬁ‘%:aﬂ% L€ ﬁt ge%% ﬁ“‘c%ﬁaﬁl | on&%ér ocegségé
I't is anot harrrabkest t‘.@zfe EﬂéﬁdtW‘eﬂidéﬂaio YSenidhainel bbheutapbié waand dry
etching procedures, to renove
etched.
It is yet another cobject of this invention to create

a first level interconnect metallization structure, overlying the

raised metal plug structure.

-

- It is still a.nother. object of this invention to use a
composite dielectric 1_ayer, with a insulator layer such as a spin-
on-glass layer, used as part of the composite dielgccric layer, to
£ill the spaces between the first level int.efconnect metallization

structures, and between raised metal plug structures.,

It is still yet .'.another object of this invention to
planarize the composite dielectric layer, followed by formation of
an overlying second level interconnect metallization structure,
contacting the underlying first level interconnect metallization

structure, without the use of a etched wvia hole.

In accordance with the present invention a method is
described for creating a raised or extended, metal filled contact

or via structure, formed by chemical vapor deposition and



+5-" s unwanted netal, and to create a netal plug. For regions where the
> via overlies the contact hole, the seans or defects in the nmetal plug, are
not subjected to the dry etching procedure, thus resulting in a raised, or
extended nmetal plug structure, where the top surface of the netal plug

structure is higher then the top surface of the insulator material, in

whi ch the contact hole was etched. It is yet another qbject
of this invention to create a ficrsg devel interconnect netallization
structure, overlying the raised netal plug structure. It is
still another object of this invention to use a conposite dielectric

| ayer, with a insulator |ayer such as a spin- on-glass |layer, used as part
of the conposite dielectric layer, to fill the spaces between the first

| evel i nt er GRRgEhidet agiagzgp&,e&nisggfgn%eémmg bed Cgs:g%édﬁgﬁeg%t al plug

.structures. et ano
i nvention ta cphead ihdge t 1 fooREd Sint Endu:ﬁhmstdsr Q.a]ya;z‘erexﬁo@h‘.hgvﬁiiib!
formation of an overlying second | evel interconnect netallization
structure, 9SEYACCTeTiGRs N @RdeRdaRLNENg iSeTE CORAMAtOENEWRTFHhtet A

metallizatl Qfhemically vapor deposited layer of tungsten is used to completely

£ill the contact hole. Patterning of the tungsten layer is
performed using photolithographic, and dry etching procedures,
rewoving tungsten from unwanted regions, creating a tungsten plug,
in the contact hole, with the tungsten plug extending higher than
the zop surface of the insulator, by an amount that can different
or, be equal, to the thickness of the chemically vapor deposited
tungsten. A metal layer is depqsited and patterned, uging

- photolithographic and dry etching procedures, to create a first
level interconnect metallizaciq:; structure, directly overlying the
raised tungsten plug s:ruccure:l After photoresist removal a
composite dielectric layer is used to £ill the spaces between first
level intercomnect metallization structures, and between raised
tungsten plug structures. A cheﬁical mechanical polishing
procedure is next used for planarization purposes, exposing the top
surface of the first level interconnect metallization structure.
Another metal layer, is deposited and patterned, using
Photolithographic and dry etching procedures, creating a second
level interconnect metallization structure, contacting the

underlying first level interconnect metallization structure.



structure, without the use of a etched via hole. In

« accordance with the present invention a nethod is described for creating a
rai sed or extended, netal filled contact or via structure, formed by

chem cal vapor deposition and - 6-
patterning, using photolithographic and dry etching procedures. A contact
hole is formed in an insulator |ayer, exposing active device regions jn an
underlying sem conductor substrate. chemi cal ly vapor deposited | ayer of
tungsten is used to conpletely fiTl' the contact hole. Patterning of the
tungsten layer is performed using photolithographic, and dry etching
procedures, -renoving tungsten fromunwanted regions, creating a tungsten
plug, in the contact hole, with the tungsten plug ext endi ng hi gher than

the top surface of the ms&%ipbﬁs&ﬁq different or, be

equal, to the thickness of 't en1ca| y Vvapor gep05|ted tungsten. A
metal layer is deposited and patterned, using photolithographic and dry
et ching procedures, to Tecehjecs did othed adeantagesreb fhée tinyepeidn azei on

structure, diLg Céels\érgbec{ %' Ok Y08 rerred embodiment with reference to the

attached drawings that include:

Fig. 1, which schematically shows a silicon device

structure, prior to tungsten £illing of the contact hole.

Figs. 2 - 3, which schematically show the creation of

a raised tungsten plug structure.

Figs. 4 - 6, which schematically show the formation of
- a first level interconnect metallization structure, directly

overlying the raised tungsten Eiug structure.

Figs. 7 - 8, which scngmatically show the stages of
Processing used to £ill the spaces between first level interconnect
metallization structures, and between raised tungsten plug

structures, usin§ a composite insulator layer.

Fig. 9, which schematically shows the formation of an
Second level interconnect metallization structure, overlying a

first level interconnect metallization structure.

Figs. 10 - 12, which schematically shows use of the
raised tungsten plug structure, used for upper levels of

interconnect metallization structures.



_ raised tungsten plug structure. After photoresist renpval a conposite
> dielectric layer is used to fill the spaces between first |[evel
i nterconnect netallization structures, and between rai sed tungsten plug
structures. A chem cal nechanical polishing procedure is next used for
pl anari zati on purposes, exposing the top surface of the first |evel
i nterconnect netallization structure. Another netal |ayer, is deposited
and patterned, using photolithographjc and dry etching procedures, creating
a second level interconnect netalTi*zation structure, contacting th
underlying first level interconnect netallization structure. :

BRI EF DESCRI PTI ON OF THE DRAW NGS

The obj ect and ot her adva%gﬁmﬁbb,tdj@- SrEN PREYERRED atMBoDRABTglescri bed in
the preferred enbodinment wwth reference to the attached draw ngs that

i ncl ude: Fig. 1, which schematically shows a silicon device
structure, prior to.turEhs 8athked |9fngreftingeraiiadaingines. plug

Flgs. 2 - 35 MiileSCNGIRLHEALLY M4 e rGEEHd 90 Sl10wing the

elimination of a subsequent via hole formation, needed for contact
between levels of interconnect metallization structures, will now
be covered in detail. This invention can be used in the
fabrication of metal oxide semiconductor field effect transistors,
(MOSFET), devices, that are currently being manufactured in
industry, therefore only specific areas, unique to understanding

this invention, will be covered in detail.

- Fig. 1, schematically shows a typical, N channel,
(NFET), device, that this inver.xtion can bé applied to. A
substrate, 1, composed of singie crystalline silicon, with a <100>
crystallographic orientation, is used. Thick field oxide regionms,
(FOX), 2, are created, for isolation purposes. The FOX regions are
produced by f£irst patterning ".a silicon nitride - silicon dioxide,
composite insulator, using conventional photolithographic and
reactive ion etching, (RIE), procedures, After photoresist remowval
the composite insulator pattern is used as an oxidation mask to
allow between about 4000 to 6000 Angstroms of silicon dioxide to be
thermally grown in non-masked regions. After removal of the
oxidation masking composite, using hot phosphoric acid for the
silicon nitride layer, and a buffered hydrofluoric acid solution

for the underlying silicon dioxide layer, a thin silicon oxide



_a rai sed tungsten plug structure. Figs. 4 - 6, which
* schematically show the formation of a first |evel interconnect
metal lization structure, directly overlying the raised tungsten plug

structure. Figs. 7 - 8, which schematically show the stages

- of  processing used to fill the spaces between first |evel interconnect
netallization structures, and between raised tungsten plug structures,
using a conposite insulator |ayer. : Fig. 9, which

schematically shows the formation 5f%an second | evel I nt er connect
nmetal li-zation structure, overlying a first |evel interconnect
nmetallization structure. Figs. 10 - 12, which schematically

shows use qt,Lpe, raised tungsten | u structure, used for upper |evels of
i nter connecty%rg‘t A1 15 SFPER Ak Fu"c?“i?pfeé'égure between about 800 to 1000°C, to

- 8- a thickness betWeetRBit @Y 6 3U3EAE§§EJ:£§§FQ£%WS$&M

ambient, to seiﬁrg_ as the gate insulator of the MOSFET device. 2
polysilicon layer ‘is next deposited using LPCVD processing, at a
temperaz:ur_e between abput: S00 to 700°C, to a thickness between
about 1500 to 4000 Angstroms. The polysilicon can be Q‘rown using
insitu dop.ing techniques, by adding either arsine or phosphine to
a silane ambient. The polysilicon layer can also be deposited
intrinsically, and then doped via ion implantation of either
arsenic or phosphorous, at an energy between about 50 to 100 Kev.,
at a dose between about 1E15 to 1E1é atoms/cm’. Standard

- photolithographic and RIE procegsing, using Cl, as an etchant, are .
used to create polysilicon gate structures, 4, shown schematically
in Fig. 1.

After photoresist removal using plasma oxygen ashing
and careful wet cleans, an N ;y‘pe, lightly dbped sourée and drain
region, 5, is formed in semiconductor substrate, 1, via ion
implantation of phosphorous, at an energy between about 30 to
60 Kev., at a dose between about 1E12 to SE13 atoms/cm’. A silicon
oxide layer is next deposited using either LPCVD or plasma enhanced
chemical vapor deposition, (PECVD), processing, at a temperature
between about 500 to §00°C, to a thickness between about 1500 to
4000 Angstroms, using tetraethylorthosilicate as a source. An

anisotropic, RIE procedure, using CHF, as an etchant, is used to
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“this structure in allowng the elimnation of a subsequent via hole

The nmethod of creati ng rai sed tungsten plug structures, and the use of

" formati on, needed for contact between |evels of interconnect netallization

structures, will now be covered in detail. This invention can be used in
the fabrication of netal oxide sem conductor field effect transistors,
(MOSFET), devices, that are currently being manufactured in industry,,
therefore only specific areas, uni gu® to understanding this invention,
will ‘be covered in detail. Fig. 1, schematically shows a
typical, N channel, (NFET), device, that this invention can be applied to.
A substrate, 1, conposed of single crystalline silicon, with a <100>

crystal | ogoaRhigsulake 8Pt SildeRB11 ispadeed. ¢, Thhekn fdledaoxiay egi g, 1.(FOX),
2, are created, for isolation purposes. The FOX regions are produced by
first patt®@cfhery iPnsimplantapnion pheceduid. | yshngliarsends 2t GRpeRLAIF i nsul at or,

usi ng conyentional ot ol i thographic_and . reactive_ ian etchl (RIE),

pr ocedur e\ss.%t)gf?rérabﬁﬁgt%fet?i %E’gr%%ﬁjVaf‘t 3 Kese §Fpe8?%‘§tuﬁg#g?&°pat ternis
used as arsEQsi skisPBn?TREX Usea £ [RWabeheReM ARRPES AR0ByE®, @BELcL g3t rons of
silicon dioxide to be thermally grown in non-nmasked regions. After renoval

of the o&@arixrgisnskihginmerdspndycugsi sgpstartphdsphbrotthexcsilicnn t he
R
processing, at a temperature between about 500 to 800°C, to a
thickness between about 5000 to 10000 Angstroms. Silicon oxide
layer, 8, is subjected to a chemical mechanical polishing
procedure, used to create a planar topography. Photolithographic
and RIE procedures, again using.CHF, as an etchant, are next used
- to open contact hole, 9, exposn’:-ng the top surface of source and

drain region, 7. This is shown schematically in Fig. 1.

After photoresist removal, using plasma oxygen
ashing and careful wet cleans, an LPCVD deposition of
tungsten, 10a, is performed, at-a temperature between ':abouc 400 to
600°C, to a thickness between about 8000 to 14000 Angstroms,
completely filling contact hole, $. Tungsten layer, 10a, shown in
Fig. 2, is deposited using tungsten hexafluoride as a source. The
filling of contact hole, 9, proceeds by tungsten deposition on the
sides of contact hole, 9, and therefore a seam, 11, forms at the
point of convergence of the depositing layers.. If seam, li, was
subjected to a blanket, dry etching procedure, used to cfeate a

tungsten plug by removal of unwanted tungsten from regions outside



9% . layer, 3, is grown at a tenperature between about 800 to 1000C, to

a thickness between about 50 to 300 Angstrons, in an oxygen - steam
anbient, to serve as the gate insulator of the MOSFET device. A
polysilicon |ayer is next deposited using LPCVD processing, at a
tenperature between about 500 to 700C, to a thickness between about 1500
to 4000 Angstrons. The polysilicon can be grown using insitu doping -

t echni ques, by addi ng either arsinreivbr- phosphine to a silane anbient. The
pol ysilicon | ayer can also be deposited intrinsically, and then doped via
lon inplantation of either .arsenic or phosphorous, at an energy between
about 50 to 100 Kev., at a dose between about 1E15 to 1E16 atons/cnfierr].
St andard &brotagki hdilogr @phseamandl Rivouldoeeslsiengnpta s rlgre;?r FIMafAr et chant ,

are used to, createxPonS|I|con gate structures chenatlcally in

Fig. 1.  void, presenting gfoyerags;proRichf FqmsyhFe ‘E}js,""l"rsfrgmﬁ?%éﬁ'ﬁgoxygen ashi ng
- and carel Unedifl1 165000 120000\  ¥8redddNb] YidIGRER, STHIcRE Aikh @galn region,

5, is fornmed In sem conduct or Trat e, 1, viaion  inplantation of

phosphor OUEhomreamsemtg;srb,etmems adxpiated) #nd used as a mask for an
anisotropic RIE procedure using SF, as an etchant, creating '
tungsten plug, 10b, in contact hole, 9, as well as tungsten shape,
10c, to be used for subsequent via structure formation. This can
be seen in Fig. 3, after photoresist removal using plasma oxygen
ashing and careful wet cleans. Also shown in Fig. 3, is tungsten
plug, 16b, raised or extended beyond the top surface of insulator
layer, 8, by the amount of the tungsten layer thickness of between
about 8000 to 14000 Angstroms. This raised or extended portion of
the tungsten plug, will be parg'of a subsequent first level
interconnect metallization strudture, that will allow contact to be
made to overlying interconnect metallization structures, without
having to open via holes in interle;él insulator layers.

A layer of aluminum, 12a, containing between about 0.5
to 1.0 ¥ copper, and between about 0.5 to 1.0 % silicon, shown in
Fig. 4, is next deposited, using r.f. sputtering, to a thickness
between about 4000 to 10000 Angscromé. Photoresist shapes, 13,
shown in Fig. 5, are used as mask for anisotropic, RIE processing,
using Cl, and BCl, as an etchant, and used to create first level
interconnect metallization structure, 12b, oferlying the raised or
e€xtended, tungsten stud, 10b. This is shown schematically in

Fig. 6. First level interconnect metallization shapes, 12¢, and
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60 *Kev., at a dose between about 1E12 to 5E13 atons/cnierr]. A silicon

oxi de layer is next deposited using either LPCVD or plasnma enhanced

chem cal vapor deposition, (PECVD), processing, at a tenperature between
about 500 to 800[err]C, to a thickness between about 1500 to 4000
Angstrons, using tetraethylorthosilicate as a source. An anisotropic, R E
procedure, using CHF, as an etchant‘,1 S used to

- 10 - forminsul ator sidewall spacer, 6, shown schematically in Flg 1.
Anot her ion inplantation procedure, using arsenic at an energy between
about 50 to 100 Kev., at a dose between about 1E14 to SE15 atons/cnierr],
is used to create heavily doped, N type, source and drain regions, 7, in
sen conduct¥id.s@b3a shven ib FiqoEhesanshé iused fmxsdesequent vila sktxuckepesi t ed

usi ng eithe LPCVD or ECVD, .processing, at .a te erature iﬁtween about 500
Lo 800 er 1] (CFIBEGR -t REHAR BE % Lbuth 1BEBETESEbOTRF AIGEar tiR |
Silicon oxigtguckayeS ,128; wal SNGURC! Stk bRown GRER %als e Banideak 1891 irahi ng
procedure, used to create a pl anar topography. otolithographic and R E
procedur es, ﬂe&ga'thS:ﬁwgu@ﬁﬂm plugs 18k. etlidvener this Asxentisagd ofo open

cont act hoI £05| ng the tmg surface of source and

pz‘otect seam, 11, subsequent dry etching procedures, as

well as allowing contact between interconnect metallization

structures to occur without the use of etched via holes, can still
be applicable with the width of first lewvel intercomnect
metallization structure, 12b, being either smaller or larger then

the width of tungsten plug, 10b. Photoresist shapes, 13, are again

removed using plasma oxygen ashing and careful wet cleans.

i Figs. 7, describes.the proceés steps used to £ill the
Spaces between first level interconnect metallization structures,
12b, 12¢, and 124, as well as the spaces between tungsten plug
Structures, 10b and 10c, with a first composite insulator layer.
A first interlevel dielectricjlayer, 14, of silicon oiide, is
deposited using PECVD processing, at a temperature between about
300 to 500°C, to a thickness between about 4000 to 8000 Angstroms.
The first interlevel dielectric layer, 14, will be used to
passivate and protect the first level interconnect metallization
Structures and tungsten plugs, form subsequent processes and
materials. However first interlevel dielectric layer, 14, does not
adequately £ill the spaces between these metal structures, and can

) Dot produce a desired planar topography, needed for overlying



drain,region, 7. This is shown schematically in Fig. 1.

< After photoresist renoval, using plasnma oxygen ashing and careful wet

cl eans, an LPCVD deposition of - tungsten, 10a, is perforned, at a
tenperature between about 400 to 600[err]C, to a thickness between about
8000 to 14000 Angstrons, conpletely filling contact hole, 9. Tungsten

| ayer, 10a, shown in Fig. 2, is deposited using tungsten hexafluoride, as a
source. The filling of contact hole, 9, proceeds by tungsten depositi.on on
the sides of contact hole, 9, and-tfgerefore a seam 11, forns at the

poi nt of convergence of the depositing layers. |f seam 11, was subjected
to a blanket, dry etching procedure, used to create a tungsten plug by

renoval of meBRBIHAibH BT LeButdNNhEiRRE HWlayediCof spin on glass, 1sQNnt act
hole, 9, seam 11, would evolve into a |arger seamor void, presenting

cover age . pri§BFEELs 8pPLiaskeqlbatPaspus | SAGh YRR A i&tﬁ‘RﬂPPQy‘éﬁ’é‘g Therefore
a via mSk’cohgeﬁ& naQ" c%n;qx?eh% E_r esEﬁ:. %tstseﬁé'l:we%ﬁﬂ SeCE650 g 7Rd used

as a nmask for ani sotroprc pr ccedu as an etchant,
creating Angstroms, and results in a more adequate £ill, and planarlzlng

layer then the less porous, underlying first interlevel dielectric
layer, 14. A bake out at a temperature between about 100 to 200°C,
followed by a curing procedure, at a temperature between about 250
to 450°C, ﬁre used to remove volatile components from the SOG
layer, }5. Finally a second interlevel dielectric layer, 16, is
deposited again using PECVD processing, at a temperature between
about 300 to 500°C, to a thickng§s between about 6000 to 12000
Angstroms. This layer is used to completely £ill the spaces
between metal structures, as weil as encapsulating most of the SOG
layer, 15, reducing the level of outgassing from SOG layer, 15,

during subsequent processing.

A chemical mechanlcal polishing procedure, using

EEIOH or KOH stabilized slurry and polishing pad, is next employed
to a point in which the top surface of a first level interconnect
metallization structure, 12b, is expoéed. This is shown
schematically in Fig. 8. The chemical mechanical polishing step
also provides a planar topography for subsequent overlying
metallization structures. The ability to expose the top surface of
first level interconnect metallization structure, 12b, allows an

overlying metallization structure to contact first level



e T

tungsten plug, 10b in contact hole, 9, as well as tungsten shape, 10c, to
‘be used for subsequent via structure formation. This can be seen in Fig.
3, after photoresist renoval using plasma oxygen ashing and careful wet
cleans. Also shown in Fig. 3, is tungsten plug, 10b, raised or extended
beyond the top surface of insulator Ilayer, 8, by the anount of the
tungsten | ayer thickness of between about 8000 to 14000 Angstronms. This
rai sed or extended portion of the tungsten plug, will be part of a _
subsequent first level interconnect4metallization structure, that will
all ow contact to be nmde to overlying interconnect netallization
structures, without having to open via holes in interlevel insulator

| ayers. A layer of alum num 12a, containing bet ween about

0.5 to 1. Q t./tgr%% ect mt%Q%l]piezta\é’egg s%b?ytt.ur t%ﬁb ?o(?m:s 'thhc @flﬁt}f

Fig. 4, is next pos Spu ng, ness et ween

about 40000 CopkfR® HRgat he1s,. iRhad ametlsdorshepesndekdyinghown in Fig. 5,
are used as mask for anisotropic, R E processing, using Clerr] and
B [err] aét’a%Ff@Fehalrﬁb- aﬁ@ agddgion, FRenPICAipgtefiarEr. FMEEAEBRnect

metal | izat [ Cq E overgyl ;19 r 0 %Pq&%‘a cidghgst en
oi
stud, 10b. b‘%ﬁ‘&& l£(rl)"wn C Sﬁ%ﬂqg I‘T:L héﬂesf! f‘é%‘é@o st Teve g| nter connect
met al | i zat techrilaRess ék%@slﬁﬁﬂinderlyxng metallization structures. The - 12 -
raised, or extended, tungsten plug structure, aided in the creation
of the first level interconnect metallization structure, 12b,

allowing for the elimination of the via hole opening process.

A barrier layer of titanium nitride, 40, is next
deposited using r.f sputtering, to a thickness between about 500
to 1000 Angstroms, followed by &n inéitu, r.f. sputter depoéition
of an aluminum layer, containiﬁg between about 0.5 to 1.0 %

-

copper, and between about 0.5 to 1.0 % silicon, to a thickness
'between about 4000 to 10000 Angstroms. Conventional
photolithographic and anisotropic, RIE prbcessing, is used to
create the second level intercannect, aluminum metallization
Sstructure, 17b, and 17¢c, shown in Fig. 9. Photoresist removal is
accomplished again via plasma oxygen ashing and careful wet cléans.
The second level interconnect metallization structure, 17b,
directly contacts underlying first level incercnnnect,metallization
structure, 12b, without the ﬁsé of a via structure. The width of
the second level interconnect metallization structure, 17b, is
identical to the width of the first level interconnect

metallization structure, 12b.



. 12d, also shown in Fig. 6, can be used for subsequent via structure
formation. The width of first |evel interconnect netallization structure,

12b, was chosen, and shown in Fig. 6, to be identical to the w dth of

tungsten plug, 10b. However this invention, of protecting seam 11, from

subsequent dry etching procedures, as well as allow ng contact between

i nterconnect netallization structures to occur w thout the use of etched

via holes, can still be applicable with the width of first |evel

i nterconnect nmetallization structurtd, ~12b, being either smaller or |arger

then the width of tungsten plug, 10b. Photoresist shapes, 13, are again

renmoved using plasnma oxygen ashing and careful wet cleans.

Figs. 7, describes the process steps used to fill the spaces between first

| evel interconnect netal Lizafion si.ruct.ur . 2 ; wel | as

t he spaces between tunﬁ??ﬁ?\'?é;)Fgﬁpgstsﬁtrgu%:t%t}?égm}ggyea%'dQEO?'T&\?ME%%%Q?’ I rst

conposi te itheUtdipositdytilelectrid Najet HhOWheleIFidi. b iy matériels, 14, of

silicon oxide, is deposited using PECVD processing, at a tenperature

bet ween ab84PcesRigg eommiofieny pad thicknesseskhe fgapiufedntafedt P3Gest o 8000

Angst . ' terlevel dielectrjc J.ayer i1 b t
pagsi vat o RaiHeer BESind Ry Fifencopledt mebRLiitiEen sirufhitsar b Sa 0
structuresi1asd huagHiRA1 RhdtBSniEQ BoSIRBRGUSFicdRnOE S SBRSnaling Mt O al S.

However first interlevel dielectric |layer, 14, does not
or KOH stabilized slurry and polishing pad, is used to planarize

second composice dielectric layer, 18, however not exposing the top
surface of second level interconnect metallization structures, 17b
~and 17&. A photolithographic and RIE procedure, using CHF, as an
etchant,is used to open via hole, 19, in second composite
dielectric layer, 18, exposing the top surface of second level
- interconnect metallization struqtures, 17b, and 17¢. Photoresist
removal is accomplished using'péésma oxygen ashing and careful wet

cleans. This is shown schematically in Fig. 10.

-

A tungsten layer is next deposited using LPCVD
processing, at a temperature Between about 400 to GOOQC, to a
thickness between about 8000 to 14000 Angstroms, using tungsten
hexafluoride as a source. Photolithographic and anisotropic, RIE
Procedures, using SF, as an etchant, are employed to create
tungsten plug, 20, shown in Fig. 11. Also shown in Fig. 11, is
seam 21, formed during the deposition of the tungsten layer, but
not enlarged due to the masking provided during the tungsten
etchback procedure. Tungsten plug, 20, again as was the case for

. underlying tungsten plug, 12b, is raised or extended, allowing



adequately fill the spaces between these netal structures, and can not
“produce a desired planar topography, needed for overlying

- 13 - nmetal lization structures, therefore a |layer of spin on glass, 15,
(SOG), is applied. The porous SOG | ayer, 15, is applied using conventional
techni ques, to a thickness between about 3000 to 7000 Angstrons, and
results in a nore adequate fill, and planarizing [ayer then the |ess
porous, underlying first interlevel dielectric | ayer, 14. A bake out at a
tenperature between about 100 to 200Lerr]C, followed by a curing
procedure, at a tenperature between about 250 to 450C, are used to renove
vol atil e conponents fromthe SOG |ayer, 15. Finally a second interl evel
dielectric layer, 16, is deposited again using PECVD processing, at a

t enper at ur gg hew@%@tw@@@%bg%% . oW LG xgzacom é%%%ﬁlffﬁ%%geabout

6000 to 12000 Angstrons 1S use 0 CO etel spaces
bet ween nets&kustuzest ts escouas WeiHoudStiRdGapSot aiuangor@:ﬂro@ésshg SOG | ayer,
Ay R RS B REEO ST SRR TR S S
processi ng
Plug, 20, is accomplished via plasma oxygen ashing, and careful wet
Cleans. '
Fig. 12, shows the result of depositing another
aluminum pased metallization layer, and via use of standarad
photolithographic and anisotropic, RIE procedures, creating a third
level iﬁ:erconnect metalliization structure, 22, overlying the
raised tungsten plug structure, 20, and identical in width to
raised tungsten plug structure, 20. Photoresist removal is again
- performed using plasma oxygen ashing and careful wet cleans.
This is’ shown schematically in.Rig. 12. A third composite
insulator layer, 23, again identical to the first and second
composite insulator layers, in materials, processing conditions,
and thicknesses, is used to £ill the spaces between the third level
interconnect metallization structures, 22, as well as filling the
Spaces between raised tungsten plug structures, 20. Chemical
mechanical polishing procedures, using NH,OH or KOH stabilized
silica slurry, is used to planarize third composite insulator
layer, 23, to a point in which the top surface of the third level
interconnect metallization structure, 22, is exposed. This is
shown schematically in ﬁig. 12. Finally another deposition of a
barrier layer of titanium nitride, 41,’ at a thickness of between

¢ about 500 to 1000 Angscroms, followed by the deposition of a
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:A theni cal mechani cal pol i shing procedure, using NHerr]OH or KOH

stabilized slurry and. polishing pad, is next enployed ta a point in which
the top surface of a first level interconnect netallization structure,
12b, is exposed. This is shown schematically in Fig. 8. The chem cal
mechani cal polishing step also provides a planar topography for subsequent
overlying netallization structures. The ability to expose the top susface
of first level interconnect netallization structure, 12b, allows an
overlying netallization structure-tig eontact first |evel

- 14 - I nterconnect netallization structure, 12b, w thout the

~difficulty of opening a via hole, in an insulator, to underlying

structure, 12b. In addition, mcroloading effects, sonmetinmes occurring
with dry etching of via holes is al so avoi ded using this technique of
ructures. The t ended,

exposi ng atlon sh Q
tungsten p 3’3“!‘5‘%{ o metaﬁ G211 HE8YE e &0 Snt:h:'tﬁmlse S'flct"'rwseten §%% t
i nter conneﬁombaiddobahhﬁhﬁu%ucm @ontdZihingabéomdengol ©red e oeki ni nati on of
the via hol e openi ng process.

copper, and between about 0.5 to 1.0 % silicon, is performed using

r.f. sputtering procedures. Creation of a fourth interconnect

metallization structure, 24, is next accomplished via standard

photolithographic and RIE processing, again without the use of via

hole processing. Photoresist is again removed via plasma oxygen

ashing; followed by careful wet cleans.

?his process for creating raised tungsten plug
_ Structures, allowing contact between levels of interconnect
metallization structures to occir without via hole formation,
although shown as an-applicatiéﬁ for N channel, (NFET),
-devices, can also be applied to P channel, (PFET), devices,

complimentary, (CMOS), devices, as well as to BiCMOS devices.

While this invenﬁion has been particularly shown and
described with reference to, the preferred embodimentslthereof, it
will be understood by those skilled in the art that various changes
in form and details may be made without departing from the spirit

and scope of this invention.

What is claimed is:



A barrier layer of titaniumnitride, 40, is next deposited using r.f

L, sputtering, to a thickness between about 500 to 1000 Angstrons, followed
by an insitu, r.f. sputter deposition of an alum num | ayer, containing

bet ween about 0.5 to 1.0 % copper, and between about 0.5 to 1.0 %silicon,
to a thickness between about 4000 to 10000 Angstrons. Conventi onal

phot ol i t hographic and ani sotropic, R E processing, is used to create the
second | evel interconnect, alum numnetallization structure, I7b, and 17c,
shown in Fig. 9. Photoresist renovaligis acco pl asma
oxygen ashing and careful wet cleans. The semmﬂﬂgﬂumﬂ a nnect

netal lization structure, 17b, directly contacts umdeclysn l«rst | evel

i nterconnect netallization structure, 12b, without the use of a via
structure. The width of the second |evel interconnect netallization :
structure, 17b, s A mdehdd €at fabribetimdglulMOSFETh@eVicessthealre| rgrer connect

nmetallization structure, 12b. - 15 -
A second conposi Pesﬁf"e‘f%&lﬁ?‘l‘ sapEFTatey, USiRgta Eaise wetal plug

structure, to prqv1de contact between an underlying

active device region, in said semiconductor substrate,
and a overlying interconnect metallization structure,
with raised portion of said raised metal plug structure,
.and overlying interconnect metallization structure,
enabling contact to upper level interconnect
metallization structures to be accomplished without via lxif.
hole processing, comprising the steps of: .
providing said_active device regions, in said
' semiconductor substrate; _
deposition of an insulator layer on said
semiconductor substrate, including deposition on said
active device regions; .
opening a concacé hole in said insulator layer, to
. expose top surface of said active device regions;
deposition of a metal £ill layer on top surface of
said insulator layer, completely £illing said contact
hole; .
photolithographic processing to create a first
photoresist shape on said metal £ill layer, largeé in
width then said contact hole, and directly overlying s;id

contact hole;



" the>cenposite dielectric layer shown in Fig. 6, in materials, processing

* conditions and thicknesses is again used to fill spaces between second

| evel interconnect netallization structures, 17b and 17c. A chemi cal
nmechani cal polishing procedure, again using NF[err]OH or KOH stabilized
slurry and polishing pad, is used to planarize second conposite dielectric
| ayer, 18, however not exposing the top surface of second |evel

i nterconnect netallization structures, 17b and 17c. A photollthographlc
and RIE procedure, using CHF[err] asigan etchant'ls used to open via hole,

19, in second conposite dielectric |ayer, urface of
second |l evel interconnect netallization struct u ,mmﬁm I ﬂm
Phot oresi st renoval is acconplished using pl asma*oxygen ashisngand caref
wet cleans. This is shown schematically in Fig. 10.

tungsten layer is next deposited using LPCVD processing, at a tenperature
bet ween about 400 to 60Q[err Lo.a t hi ckness b Q00 to 14000
Angstroms, using tungstelr‘l CH:]r gf‘ “’%“9 5 T gtr%%ﬁ Q,QIQ;H?_ gurgaphi c and

uor | Sourcé
ani sotropi c, RIE gdceddéesin %&hagce‘iﬁ[aeﬁrﬂxow and edr Al insa amR! oyed to
create tungsten plug, 20, shown in Fig. 11. Also showmn in Fig. 11, is
seam 21, formed dlﬁHQ#‘g v:h@ d’ep@%d mesal @lughstTuntyse cextedddng have not

enl arged due to t maski n rOV|ded durln the tun ten etchback

procedure. Tungst®f prEgSDFCeaghi FAL%s lﬁé% (1:3%%‘933 Ying

tungsten plug, 120n4:s 1ﬁatl§fé§ch§se&<c§ Q:@xgeghléléﬂeg‘é‘ & said metal £ill
layer,

removal of said first photoresist shape;

deposition of a first metal interconnect layer, on
' said raised metal plug structure, and on said insulator
layer, not covered by said raised metal plug;

photolithogra.pfxic‘ processing to create a second
photoresist shape, on said first metal interconnect
layer, directly over]:ying said raised metal plug
structure;

anisotropic etching of said first metal
interconnect layer, to form a first level interconnect
metallization structure, directly overlying. said raised
metal plug structure;

removal of said second photoresist shape;

deposition of a first interlevel dielectric layer

on said first level interconnect metallization structure,
on exposed sidewalls of underlying said raised metal plug
structures and on said insulator layer, not covered by

said raised metal plug structure;



- 16 - contact between subsequent upper |evel i nterconnect netallization
* strlctures to.occur, wthout the use of via hole processi ng. Phot oresi st
renoval of the shape used as a mask to define tungsten plug, 20, is
acconpl i shed via plasma oxygen ashing, and caref ulk—wet—-cteans:

Fig. 12, shows the result of depositing another al

netallization |ayer, and via use of standard phot nimg@‘ mﬂ jﬁ“‘

ani sotropic, R E procedures, creating a third |ev

metal lization structure, 22, overlying the raised tungsten plug structure,
20, and identical in width to raised tungsten plug structure, 20.

Phot oresi st renoval is again perforned using plasma oxygen ashi ng and
careful wet cleans. This is shown schenatically in Fig. 12. Athird

conposite insulator |ayer ain identic the first.gnd second
conposite i nsul ator | a?%ﬂls‘caf;h ’hé’%ef‘l BB 9P Sgﬁﬁqﬁﬁeﬁbn&’ £f38s,  and
thi cknesses, d—lﬁ%&lﬁﬂg b bsd RO caPB&RE Ef&i’@&&ﬁhﬁayfe@ r zlt%ﬂ

I nt er connect rret | zation structures, 22, as well as filling the spaces
bet ween rai sed tfingsherchel sgp&‘srbzﬁmnssamf:.ﬂtemem ineedwomneal pol i shing

procedures, using NH err] OH or KOH stabilized silica sl urral, s used to
pl anari ze t hi r d ReSRpeiraEiamnstauatyres| Apdy berween; gaif 58153 M8CRhi ch the top

surface of the thiyd level e,

bake out of said spin on glass layer;

curing of said spin on glass layer;
. deposition of a second interlevel dielectric
layer, on said spin on glass layer, completely filling
spaces between said first level interconnect
metallization structures, and between said raised metal

plug structures;

chemical mechanicai polishing to expose top
surface of said first level interconnect wmetallization
structure, and planarizing top surface of said first
interlevel dielectric la’fyer, top surface of 'said spin on
glass layer, and top surface of said second interlevel
dielectric layer;

deposition of a second metafl interconnect layer on
exposed top surface of said first level interconnect
metallization structure, on top surface of said first
interlevel dielectric layer, on top surface of said spin
on glass layer, and on top surface of said second

interlevel dielectric layer; and



interconnect metallization structure, 22, is exposed. This is shown
schematically in Fig. 12. Finally another deposition of a barrier |ayer of
titaniumnitride, 41, at a thickness of between about 500 to 1000
Angstrons, followed by the deposition of a

- 17 - . alum num based netal lization layer, to a thickness between
about 4000 to 10000 Angstrons, and containing between 0.5 to 1.0 % .
copper, and between about 0.5 to 1.Q1%silicon, is perfornmed using r.f.
sputtering procedures. Creation of a fourth int, zation

structure, 24, is next acconplished via standard ; ] L& and -RIE
processing, again wthout the use of via. hole prog m ﬂg ﬁ Eitst i's
again renoved via plasma oxygen ashing; followed " ans.

This process for creating raised tungsten plug structures, allow ng
contact between |levels of interconnect netallization structures to occur

wi t hout via hol e format baprerfilghBH oh i QUPRS R adPPhi&RIhARCE O N
channel , (NFET),

layer, to form second level interconnect metallization
structure, contacting underlying, said first level

interconnect metallization structure.

2. The method of claim 1, wherein said contact hole is
created, in said insulator layer, via anisotropic RIE
.brocessing, using CHF, as an etchant, with said contact
hole having an opening becween.about 0.5 to 2.0 uM, in

width.

3. The method of claim 1, wherein said metal £ill layer

-
a®

is tungsten, deposited using LPCVD processing, at a
temperature between about 400 to 600°C, to a thickness
between about 8000 to ;4000 Angstroms, using tungsten

hexafluoride as a source.

4. The method of claim 1, wherein said raised metal plug
structure is formed using anisotropic RIE processing,
using SF, as an etchant, with said raised metal plug
having a width between about 0.5 to 2.0 uM, and
extending between about 8000 to 14000 Angstroms, above )

the top surface of said insulator layer.



N

.devices, can also be applied to P channel, (PFET), devices, conplinentary,
(CMOS), devices, as well as to Bi CMOS devi ces. While this

i nvention has been particularly shown and described with reference to, the
preferred enbodi nents thereof, it wll be understood by those skilled in
the art that various changes in formand detailsS nmay be nmade wit hout

N ool 1111111111 e

for fabricating a MOSFET device structure, on a sem conductors substrate,
using a raised netal plug structure, to provide contact between an
underlying active device region, in said sem conductor substrate, and a
overlying interconnect netallization structure, with raised portion of said
rai sed netal plSugThé methdBeof claim 1, wherein said first metal

interconnect layer is aluminum, containing between about
0.5 to 1.0 % copper, and between about 0.5 to 1.0 %
silicon, deposited using r.f. sputtering, to a thickness

between about 4000 to 10000 Angstroms.

6. The method of claim 1, wherein said first level

. interconnect metallization structure is formed using
anisotropic RIE processing, using Cl, and BCl, as an
etchant, with said f£irst lével interconnect metallization

structure having a width between about 0.5 to 2.0 uM.

7. The method of claim 1, wherein said first interlevel
dielectric layer is §ilicon‘oxide, deposited using PECVD
processing, at a temperature between about 300 to 500°C,

to a thickness between about 4000 to 8000 Angstroms.

8. The method of claim 1, wherein said spin on glass
layer is applied to a thickness between about 3000 to

7000 Angstroms.

9. The method of claim 1, wherein said spin on glass
layer is baked at a temperature between about 100 to
200°C, a.nd cured at a temperature between about 250 to
450°C. |



and 'overlying interconnect netallization structure, enabling contact to

-upper level interconnect netallization structures to be acconplished

wi thout via hole processing, conprising the steps of: provi di ng
said active device regions, in said sem conductor substrate;

deposition of an insulator |ayer on sai.d sem conductor substrate,

I ncl udi ng deposition on said active device regi ons; opening a .

contact hole in said insulator |ayer, expose top surface of said active

devi ce regions; : deposition o? a netal fill layer on top surface of
said insulator layer, conpletely filling said cont tﬂljmmﬂﬂlm
photol i t hographi c processing to create a first "Hn sai d
nmetal fill layer, larger in wdth then said contact hbl e dhd 5di rect |y
overlying said contact hole; -19-
ani sotropi c etchlngngo create a raised netal %
e method of claim 1, wherezn sa1 second interlevel
dielectric layer is silicon oxide, deposited using PECVD
processing, at a temperature between about 300 to 500°C,

to a thickness between about 6000 to 12000 Angstroms.

11. The method of claim 1, wherein chemical mechanical
polishing, used to expose top surface of said first level
.interconnect metallization structure, is performed using

NHOH or KOH stabilized silica slurry and polishing pad.

12. The method of claim 1, wherein said second metal

interconnect layer is aluminum, containing between about
0.5 to ¥ copper, and between about 0.5 to 1.0 % silicon,
deposited using r.f. sputtering, to a thickness between

about 4000 to 10000 Angstroms.

13. The method of claim 1, wherein said second level
interconnect metallization structure is formed using

anisotropic RIE processing, using SF; as an etchant.



s

stTucture, in said contact hole, and on said insulator layer, with raised
thretal plug structure extendi ng above the top surface of said insul ator

| ayer by an anount equal in thickness to the thickness of said netal fil

| ayer; removal of said first photoresist shape; deposi tion
of a first metal interconnect |ayer, on said raised nmetal plug structure,
and on said insulator |ayer, not covered by said raised netal plug;

phot ol i t hographi ¢ processing to create4a second *ﬁhQLDLﬁ$L§l_§£§E§%aon sai d
first metal interconnect Ilayer, directly overlying said raised netal plug
structure; ani sotropic etching of said fi1 'ﬂﬂﬂﬂlnm. nnect
layer, to forma first level interconnect netalli . un ﬂﬂﬂ?
directly overlying said raised nmetal plug structure; Y M rsenwval of
sai d second photoresi st shape; deposition of a first interlevel
dielectric layer on said first |evel interconnect netallization structure,
on exposed si dé#al A snezhodntier [fpbrjcatdbing aMGSREThEewlceplsigucte¥auct ures and
on said insulator layer, not covered by said raised netal plug structure;

on a szﬁ{conduccor substragé, uQQng a raised tuné%té%

plug structure, to provide contact between an underlying

active device region, in said semiconductor structure,

and an overlying, first aluminum based, interconnect

structure, with raised portion of said raised tungsten

plug structure, and said overlying, first aluminum based,

interconnect structure, enabling contact to upper levels

of interconnect metallization structures, to be

accomplished without ﬁhe use of via hole

processing, comprising the steps of:

providing said active device regions, in said
semiconductor substrate;

-~

deposition of an dinsulator layer on said
semiconductor substrate::including deposition on said
active device ;egions;

opening a contact hole in said insulator layex, to
expose top surface of said active device regions;

deposition of a tungsten £ill layer on-éop surface
of said insulator layer, and completely f£illing said
contact hole;

forming a first photoresist shape on underlying
said tungsten £ill layer, directly overlying said contact

hole, with said first photoresist shape having a width,

larger then the width of said contact hole;



app}ieation of a spin on glass'layer, on said wunderlying first interlevel

dielectric layer, partiall filling the spaces between said first |evel
interconnec netallization structures, and between said raised neta: plug
structures; bake out of said spin on glass |ayer; curing of
said spin on glass |ayer; deposition of a second interleve
dielectric layer, on said spin on glass |layer, conpletely filling spaces

between said first level interconnegk _ netalIlza%reﬁ—s%#uepupesr_an
bet ween said raised netal plug structures

polishing to expose top surface of said first 4ﬂﬂ

hem mechani cal
netallization structure, and planarizing top sur ul”w,ﬂ Htmﬁ uLt

interlevel dielectric |ayer, top surface of said spin on glass ayer, and

top surface of said second interlevel dlelectrlc | ayer; deposition
of a second netal interconnect |ayer gn Eosed tqp_surface of said first
| evel interconnect anisotropic etching of sazd ungsten £ill layer to

create a raised tungsten plug structure, in said contact
hole and on said insulator layexr, with said raised
tungsten plug structure extending above the top surface
of said insulator layer by an amount equal to the
thickness of said tungsten fill layer; '
removal of said first photoresist shape;
deposition of a £irst aluminum based, interconnect
layer, on said raised tungsten plug structure, and on

said insulator layer, not covered by said raised tungsten

plug structure;

forming a second photoresist shape on underlying,
said first aluminum,-interconnect layer, directly
overlying said raised tungsten pi;g structure;

anisotropic etching of said first aluminum based,

interconnect layer, to create a first éluminum based,
interconnect structure, directly overlying.said raised
tungsten plug structure; |

removal of séid second photoresist shape;

deposition of a first silicon oxide, interlevel
layer, on said first aluminum based, interconnect
structure, on exposed sideéa}ls of underlying, raised

tungsten structure, and on said insulator layer, not

covered by said raised tungsten plug structure;



‘netaldization structure, on top surface of said first interleve
dielectric layer, on top surface of said spin on glass |layer, and on top
surface of said second interlevel dielectric layer; and

- 21 - patterning of said second netal interconnect |[ayer,
to formsecond | evel interconnect netallization structure, contacting
underlying, said first |evel interggnnect metal lization structure. 2. The
nmethod of claim1, wherein said confact hole IS——fﬁfﬁﬁ*ﬁ*—ﬂﬂ+ﬂﬁmﬂ}'lnSU|at0r
| ayer, via anisotropic RIE processing, using ‘CH W th
said contact hole having an openi ng between ab ’ﬂu " I I ll! w

wi dt h. 3. The method of claim1l, wherein said

tungsten, deposited using LPCVD processing, at a tenperature betmeen about
400 to 600[err]C, to a thickness

) application of a spin on glass layer, on said
) first silicon oxide, interlevel layer, partially filling
the spaces between said first aluminum based,
interconnect s:ruccures; and between said raised tungsten
plug structures;
bake out of said spin on glass layer;
curing of said spin on glass layer;
deposition of a second silicon oxide, interlevel
layer, on said spin on glass layer, completely filling
the spaces between said first aluminum based,
) intérconnec:: scruccur?s, and between said raised tungsten
plug structures; - -
chemical mechéhical polishing to expose top
surface of said first aluminum based, interconnect
structure, and planarizing top surface of said first
silicon oxide, interlevel layer, top surface.of said spin
on glass layer, and top surface of said seéond silicon
oxide, interlevel layer;
deposition of a second aluminum based,
interconnect layer, on exposed top surface of said first
aluminum based, interconnect structure, on top surface of
said first silicon oxide, interlevel layer, on top-

surface of said spin on'glass layer, and on top surface

of said second silicon oxide, interlevel layer; and



.bet weeh about 8000 to 14000 Angstrons, using tungsten hexafluoride as a
“source. 4. The nmethod of claim1l, wherein said raised netal plug
structure is fornmed using anisotropic RIE processing, wusing SF[err] as an
etchant, with said raised netal plug having a width between about 0.5 to
2.0 uM and extending between about 8000 to 14000 _Angstrons, above the
top surface of said insulator |ayer. .- 22
- 5. The met hod of claim 1, wher &1 r said first _netal interconnect”

| ayer is alum num containing between about 0.5 to 1.0 % copper, and

bet ween about 0.5 to 1.0 % silicon, deposited usin to a
t hi ckness between about 4000 to 10000 Angstrons. ﬁﬂl'l“”‘"mr"m"mrcl aim
1, wherein said first level interconnect netallizationtstiructure is forned
using anisotropic RIE processing, using Cl[err] and BA[err] as an

patterning of said second aluminum based,
interconnect layer, to form second aluminum based,
interconnect structure, directly contacting underlying,

said first aluminum based, interconnect structure.

15. The method of claim 14, wherein said contact hole is
opened in said insulator layer using anisotropic RIE

-processing, using CHF, as an etchant, with said contact
hole having an opening with a width between ébouc 0.5 to

2.0 uM.

L]

16. The method of claim 14, wherein said tungsten f£ill
layer is deposited using LPCVD processing, at a
temperature between about 400 to 600°C, to a thickness

between about 8000 to 14000 Angstroms, using tungsten

hexafluoride as a source.

17. The method of claim 14, wherein said raised tungsten
pPlug structure is formed usin"g anisotropic RIE
processing, using SF, as an etchant, with said raised
tuhgsten plug structure having a width between about 0.5
to 2.0 uM, and extending between about 8000 to 14000

Angstroms, above the top surface of said insulator layér.



~etchant, with said first |level interconnect netallization structure having
- a width between about 0.5 to 2.0 uM 7. The nmethod of -claim11, wherein
said first interlevel dielectric layer is silicon oxide, deposited using
PECVD processing, at a tenperature between about 300 to 500[err]C, to a

t hi ckness between about 4000 to 8000 Angstrons. 8. The method of claiml,
wherein said spin on glass layer is applied to_a thickness between about

3000 to 7000 Angstrons. 9. The T#fhod of cIdTﬁTT“Vﬁ“*éTn‘sard—spln on
glass layer is baked at a tenperature between a , and
cured at a tenperature between about 250 to 4503","’ ﬁﬁ"ﬂ"ﬂiﬁ@i

- 23 - 10. The nmethod of claim 1, wherein saidecs | evel

dielectric layer is silicon oxide, deposited using PECVD

18. The method of claim 14, wherein said first aluminum
based, interconnect layer, is aluminum containing between
about 0.5 to 1.0 % copper, and between about 0.5 to
1.0 % silicon, deposited using r.f. sput:tering," to a

thickness between about 4000 to 10000 Angstroms.

19. The method of clalm 14, wherein sald first alumlnum
. based, interconnect structure is formed us:.ng anisotropic
RIE processing, using Cl, and BCl, as an etchant, with
said first aluminhnxbased, interconnect structure having

a width between about 0.5 to 2.0 uM.

20. The method of claim 14, wherein said first silicon
oxide, interlevel layer, is deposited using PECVD
processing, at a temperature between about 300 to 500°C,

- to a thickness between about 4000 to 8000 Angstroms.

21. The method of claim 14, wherein said spin on glass
laier is applied to a thickness between about 3000 to

7000 Angstroms.

22. The method of claim 14, wherein said spin on glass
layer is baked at a temperature between about 100 to
200°C, and cured at a temperature between about 250 to

450°C.



pracessing,.at a tenperature between about 300 to 500[err]C, to a

- thickness between about 6000 to 12000 Angstrons. 11. The method of claim

1, wherein chem cal nechanical polishing, used to expose top surface of
said first level interconnect netallization structure, is performed using
NH[err] OH or KOH stabilized silica slurry and polishing pad. 12. The

nmet hod of claim1, wherein said second netal i onnect |ayer is |,

al um num contai ning between about_. &4 5 to % copper, and between about 0.5

to 1.0 %silicon, deposited using r.f. sputter’i”mmﬂ”ﬂ" T S between
about 4000 to 10000 Angstrons. 13. The nethod o , }"ﬁn said .

second | evel interconnect metallization structuré is flor edsustng
ani sotropi ¢ R E processing, using SF[err] as an etchant.
- 24 - 14. A method for fabricating a MOSFET devi ce structure,

23. The method of claim 14, wherein said second silicon
oxide, interlevel layer, is deposited using PECVD
processing, at a temperature between about 300 to 500°C,

to a thickness between about 6000 to 12000 Angétroms.

24. The method of claim 14, wherein chemical mechanical
polishing, used to expose top surface of saic?!. firsc

: alumiqum based, inte;:connect structure, is pgrformed
using NH,OH or KOH stabilized silica slurry and polishing

pad.

25. The method of claiin 14, wherein said second aluminum
based, interconnect layer, is. aluu_linum, conta_.ining
between about 0.5 to 1.0 % copper, and between about 0.5
to 1.0 % silicon, deposited usingr.f. sputtering, to a

thickness between about 4000 to 10000 Angstroms.

26. The method of claim 14, wherein said second aluminum
based, interconnect structure, is formed using

anisotropic RIE processing, using Cl, and BCl, as an

etchant.



oen a sem conductor substrate, using a raised tungsten plug structure, to

- provi de contact between an underlying active device region, in said

sem conductor structure, and an overlying, first alum num based,

i nterconnect structure, with raised portion of said raised tungsten plug.
structure, and said overlying, first alum num based, interconnect
structure, enabling contact to upper levels of intérconnect netallization
structures, to be acconplished withpgut the use of via hole processing,

conprising the steps of: provi di ng sai d aetive-device regions, in
said sem conductor substrate,; deposition of an insulator |ayer on
said sem conductor substrate, including depositi ﬂﬂlﬂﬂtlmllm i devi ce
regi ons; opening a contact hole in said ins ﬂﬁ'ﬂ"ﬂﬁ expose
top surface of said active device regions; : deposftibn f *a tungsten
fill layer on top surface of said insulator |ayer, and conpletely filling
said contact hole; formng a first photoresi st shape on underlying
said tungsten fill layer, directly overlying said contact hole, with said

first photores?dt FhMOEFREIeViCE GFEHTrure, apge? $ERIFORRECHPELh of said

n hol e; isi
contact NOl & g hstrate, comprising:

field oxide regions on the surface of said
semiconductor substrate;

a device region between said field oxide regions;

\ a polysilicon gate structure on said semiconductor

substrate, in center of said device region:;

source and drain regions in surface of said
semiconductor substrate, between said polysilicon gate
structure and said field oxide region;

an insulator layer ipcated on said source and
drain regions, on said polysilicon gate's:ructure, and on
said field oxide regiﬁnsa

a contact hole, iﬁrsaid insulator layer, to said
source and drain regions, filled with a metal plug
structure, with said metal plug structure excended.above
top surface of said insulator ‘layer;

a first interconnect metallization structure,

directly overlying said metal plug structure;



.

. 25 ani sotropic etching'of said tungsten fill layer to

. Create a raised tungsten plug structure, in said contact hole and on said

insulator layer, with said raised tungsten plug structure extendi ng above
the top surface of said insulator |ayer by an anount equal to the

t hi ckness of said tungsten fill |ayer; renmoval of said first
phot or esi st shape; deposithqq_of_a first alum num based, -
i nterconnect |ayer, on said raised tungsten plug structure, and on said

i nsul ator layer, not covered by said raised tungsten plfug Structure;

form ng a second photoresi st shape on underlying, ' ' p,num
I nterconnect |ayer, directly overlying said rai ée*iﬂnmﬂm“]ﬁmt@ml :
structure; ani sotropic etching of said first «alumnu )
i nterconnect |layer, to create a first alum num based, i nterconnect

structure, directly overlying said.raised

| a composite insulator layer £illing spaces between
said first interconnect metallization structures, and
between said metal plug structures, with said composite
insulator layer having a planar topography, planarized to

2

a2 point in which top surface of said composite insulator
layer, and top surface of first interconnect
metallilzation layer, are equal; and
. a second interconnec; metallization structure,
diréctly contacting top surface of underlying said first

metallization structure.

-

28. The MOSFET device ‘structure of claim 27, wherein said
contact hole is created with a width between about 0.5 to

2.0 uM.

29. The MOSFET'device.structure of claim 27, wherein said
metal plug structure, is composed of tungsten, with a
width between about 0.5 to 2.0 uM, and extending above
top surface of said insulator layexr by between about 8000

to 14000 Angstroms.



A}

. tungst’en plug structure; renoval of said second. photoresi st shape;
deposition of a first silicon oxide, interlevel |ayer, on said first
al um num based, interconnect structure, on exposed sidewal | s of
underlying, raised tungsten structure, and on said insulator |ayer, not
covered by said raised tungsten plug structure;

- 26 - application of a spin on glass layer, on said first
silicon.oxide, intertevel |ayer, partsbal Iy filling the spaces between said
first alum num based, interconnect structures, and between said raised
tungsten - plug structures; ' bake out of said spin on glass |ayer
curing of said spin on glass |ayer; deposition of a second silicon

oxide, interlevel layer, on said spin on glass |layer, conpletely filling

30. The MOSFET device structure of claim 27, wherein said
first interconnect metallization structure, is composed
of aluminum, containing between about 0.5 to 1.0 %

copper, and between about 6.5 to 1.0 % silicon, fofmed to
a thickness between‘about 4000 to 10000 Angstroms, and to

a width between about 0.5 to 2.0 uM.

*31. The MOSFET device structure of claim 27, wherein said
composite insulator layer is composed of: an underlying,
first silicon oxide layer, at a thickness between about
4000 to 8000 Angstroms; a spin on glass layer, at a
thickness between abd?t 3000 to 7000 Angstroms; and an
overlying silicon oxiae layer, at a thickness between

about 6000 to 12000 Angstroms.

% L K s



t He spdces between said first alum num based, interconnect structures, and
bet ween sai d raised tungsten plug structures; chem cal nechani ca
polishing to expose top surface of said first al um num based,

I nt er connect structure, and planarizing top surface of said first

silicon oxide, interlevel layer, top surface of said spin on gl ass | ayer,
and top surface of said second silicon oxi de, interlevel |ayer;
depositi.on of a second al um num based3 -interconnect |ayer, on exposed top
surface of .said first alum num based} interconnect -structure, . on top
surface of "said first silicon oxide, interlevel layer, on top surface of
said spin on glass layer, and on top surface of said second silicon oxide,
interlevel |ayer; and - 27 -

patterning of said second al um num based, interconnect |ayer, to form
second al um num based,

FORMATION OF A METAL VIA USING A RAISED METAL PLUG STRUCTURE

ABSTRACT

A process has been developed which allows contact
between -levels of interconnect metallization structufes, to occur
without the use of via holes, etched in interlevel insulator

‘ layers. The process features creation of a raised tungsten plug
structure, used to provide contact between underlying active device
regions and an overlying interconnect metallization structure. The
tungsten plug structure is formed by photolithographic masking and
dry etching procedures, thus avoiding increasing the size of a
tungsten seam, in the center of the plug structure. In addition
the tungsten definition procéss, also results in a raised plug

. stxucture, allowing suhsequent‘contact of interconnect

metallization levels to proceed without the use of etched via holes

in interlevel insulator layers.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



jinterconnect structure;-directly contacting underlying, said first

al um num based, interconnect structure. 15. The nethod of claim 14,
wherein said contact hole is opened in said insulator |ayer using
anisotropic RIE processing, using CHF[err] as an etchant, with said
contact hole having an opening with a width between about 0.5 to 2.0 uM
16. The nmethod of claim 14, wherein said tungsten fill [layer is deposited
using LPCVD processing, at a tenmpejpiure between about 400 to 600[err]C,
to a thickness between about 8000 to 14000 Angstrons, using tungsten
hexafl uoride as a source. 17. The nethod of claim 14, wherein said raised
tungsten plug structure is formed using anisotropic RIE processing, using
SF[err] as an etchant, with said raised tungsten plug structure having a
wi dt h between about 0.5 to 2.0 uM and extendi ng between about 8000 to
14000 Angstrons, above the top surface of said insulator |ayer.
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18" The method of claim 14, wherein said first alumnum based,

* Interconnect layer, is alum num containing between about 0.5 to 1.0 %

copper, and between about 0.5 to 1.0 %silicon, deposited using r.f.
sputtering, to a thickness between about 4000 to 10000 Angstromns. 19.
The met hod of claim 14, wherein said first alum num based, interconnect
structure is formed using ani sotropig7 R E processing, using Cl[err] and
BCl [err] as an etchant, with said first alum num based, interconnect
structure having a w dth between about 0.5 to 2.0 uM 20. The net hod of
claim14, wherein said first silicon oxide, interlevel |ayer, is deposited
using PECVD processing, at a tenperature between about: 300 to 500C, to a
t hi ckness bet ween about 4000 to 8000 Angstrons. 21. The nmethod of claim
14, wherein said spin on glass 1layer i$0d&pplied to a thickpgss between
about 3000 to 7000 Angstrons. 22. Thef met hod of claim 14, ;wherein said
spin on glass layer is baked at ture between 1965?9100 to 200C,
and cured at a tenperature betwe 50 to__450Q0C.
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23. The nethod of claim 14, wherein said second silicon oxide,

< “interlevel layer, is deposited using PECVD processing, at a tenperature
bet ween about 300 to 500C, to a thickness between about 6000 to 12000
Angst r ons. 24. The nethod of claim 14, wherein chem cal mechani cal
polishing, used to expose top surface of said first alum num based,
I nterconnect structure, is perfornﬁ67'Using NH err] OH or KOH stabilized
silica slurry and polishing pad. 25. The nmethod of claim 14, wherein
sai d second al um num based, interconnect |ayer, is alum num containing
bet ween about 0.5 to 1.0 % copper, and between about 0.5 to 1.0 %silicon,
deposited using-r.f. sputtering, to a thickness between about 4000 to
10000 Angstrons. 26. Thk3nmet hod ol Xl ai m 14, wherein sdid second al um num

based,

I nterconnect strucgure, i usi ng /(
NN - |
v/ /|

2«&‘ FOX
1—7— /
7(N+) 5(N) 3 4 6

FIG. 5

| 11 12b 12¢ -
1ad _ L 10b | 1P

\ N Do N
74;{7/ 7
T 777 f 7
2/‘( FOX ) ( 8 FOX -

iy Aa\ N

7(N+) 5(N) 3 4 6

FIG. 6

\—-"‘"‘*—-




ani sotropic R E processing, using C[err] and BC[err] as an etchant.

« - 30 - 27. A MOSFET device structure, on a sem conduct or

" substrate, conprising: field oxide regions on the surface of said
sem conduct or substrate; a device region between said field oxide
regi ons; a polysilicon gate structure on said sem conduct or
substrate, in center of said deviceg,yegion; source and drain-
regions in surface of said sem conductor substrate, between said
polysilicon gate structure and said field oxide region; an
I nsul ator |ayer |ocated on said source and drain r ons on
sai dpol ysilicon gate structure, and g.fle de Legi o
contact hole, in said iiriddl atlot | a l?ﬂj 3 %9 ﬂﬁn
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——=sourte and drain regions, filled with a nmetal plug structure, with said

~ ° et al pl ug structure extended above top surface of said insulator |ayer;
a first interconnect netallization structure, directly overlying said
metal plug structure; - 31 -
a conposite insulator layer filling spaces between said first interconnect
metal | ization structures, and bet3¥en said netal plug structures, wth
said conposite insulator |layer having a planar topography, planarized to
a point in which top surface of said conposite insulator |ayer, and top
surface of first interconnect netallization |ayer, are equal; and
a second interconnect netallization structure, directly contacting top
surface of underlying said first fE¥al I i zation st ustutg.c 488. The MOSFET

devi ce structure of clai.m 37 whétein 1dibd
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.contact hole is created with a width between about 0.5 to 2.0 uM 29. The
* MOSFET device structure of claim27, wherein said netal plug structure, is
conposed of tungsten, with a w dth between about 0.5 to 2.0 uM and
extendi ng above top surface of said insulator |ayer by between about 8000
to 14000 Angstrons. 30. The MOSFET device structure
of claim27, wherein said first igyerconnect netallization structure, is
conposed of alum num containing between about 0.5 to 1.0 % copper, and
bet ween about 0.5 to 1.0 %silicon, forned to a thickness between about
4000 to 10000 Angstrons, and to a w dth between about 0.5 to 2.0 uM 31.
The MOSFET device structure of claim 27, wherein said
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,conposite insulator layer is conposed of: an underlying, first silicon

oxi de layer, at a thickness between about 4000 to 8000 Angstrons; a spin
on glass layer, at a thickness between about 3000 to 7000 Angstrons; and
an overlying silicon OXIde | ayer, at a thickness between about 6000 to

12000 Angstrons.
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