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METAL. LAYER BACKGROUND OF THE | NVENTI ON (1) 'eRPELD

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

1 NVENTI ON The sem conductol +ndustry is continually striving
to increase the performance of sem conductor devices, while stil

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

seni conductor devices. FRppRToON asd iy emThaveTResIRSOrTESST Ul |y addressed
by the ability of the sem conductor fabrication community to successfully

create silicon devices w thrgpmchfCOMBOSITE METAL LAYER

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

The semiconductoz'indnSEEy is continually striving to
increase the performance of semiconductor devices, while still
maintaining, or decreasing, the manufacturing cost of these same
semiconduqtor devices. These objeétives have been successfully
addressed by the ability of the semiconductor fabrication community
to successfully create silicon'devices with specific sub-micron
features. The advent of micro-miniaturazation, or the use of sub-
micron features, has iargely been accomplished by advances in
several semiconductor fabrication disciplines, specifically
photolithograhy and anisotropic dry etching. The development of

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



features. The advent of m cro-mniaturazation, or the use of sub- mcron
features, has |argely been acconplished by advances in several

sem conductor fabrication disciplines, specifically photolithograhy and
ani sotropic dry etching. The devel opnent of nore sophisticated exposure
canmeras, as well as the use of nore

-2- sensitive photoresist materials, havé Tesulted in sub-mcron images in

phot or esi siehgye{ve PRLRGrEoYSE RAEreAL 3 NRfre LBsAUERd iidNsuBLELEA6n Ath4gREeS
in dry etching, or reactive ion etching, (RIE), have allowed the

sub- mi cr oninnplgeSordsiFtotllalessSheimy arcutinallye obgadnedst uta yaddiaisherred to
underlying materials, used for the construction of silicon devices. The
use of subskhilan ddmnoess inr deyl eschingleorezeastivepiomset¢ingpd®IBances,
as well as  resistance decreases, both providing perfornmance benefits. In
addi tion tRavenallewed dhreysub-uireon dnades dn ngﬁs@rea% redyexrs, &id beon
chips to be obtained froma specific size sLartingeM@fer, t hus_reduci ng

the manuf aBPEFEPRIEEOt SRERSERIFOF deRundfriying materials, usedhd£qxsEhgy

Croat o speEsPrErulEinn o eTeEPR, SR c A BRR.oh PP SEHFEON deseees

chips, fabphcaied W tdbd2SSes in parasitic capacitances, as well as
resistance decreases, both providing performance benef:}ts. In
addition 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 w.ir.h semiconductor chips, fabricated with less
aggressive designs. For examplei' metal f£illed via holes, used to
interconnect metallization levels, are more difficult to form, and
f£ill, when using sub-micron designs. Via holes, with sub micron
diameters, are difficult to £ill with conventional metallization
deposition techniques, such as sputtering or evaporation. The high
aspect ratio of the wvia hole, that is the depth of the via, divided
by the diameter of the via opening, requires a low pressure
chemical vapor deposition, (LPCVD) process for adequate via hole
filling. Since it is difficult to deposit aluminum based

metallizations, using LPCVD, the semiconductor industry has used



aggressi ve designs. For exanple, nmetal filled via holes, used to

I nterconnect netallization levels, are nore difficult to form and fill,

when using sub-nmicron designs. Via holes, with sub micron dianeters, are
difficult to fill with conventional netallization 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 dianmeter of the via opening,

500123 SRR oS Mol R Pt ettt

adequate via hole g. nce ul't to deposi um num based

met al |1 zat bQBR, wiERNEnE RAP of NPCYBMLGRGINEA O sd PSS I3hoRREcHERGS still

-3- LPCVD tungsten to fi these high aspect ratio via holes. wever
even Wth eRestse Pir lRaMPlbUsUEe thes BPEVR! £ FIDGHE @nvil@shsle Igrocesidst by For
exanpl e since the LPCVD fill of a via hole proceeds by tungsten depositing

on the si desngbteéhedgpasitimy on thensddesi opertliectiarhale) axisedmi art he
center of the tungsten filled via, at the point of convergence of the
deposi ti ngirpgrfection caseamisthim theygpatesf ¢hR Eungsren £l ledoviascat
used to renmpve upwanted tungsten from areas of the silicon _device, other

than the vEBShBPRRt ofKOBYBFIENTRIRF ADLARROSILNT dRYEEFectTRIRRRAY. | Yhen

difficult Lgﬁjected to RIE etch back processes, used to remove unwanted

tungsten 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
overlying metallizations, thin in areas overlying the enlarged
seam, may experience higher current densities than desired, and

possibly resulting in electromigration failure.

This invention will describe a process for creating
metal vias, or studs, using the'ébproach of initially forming the
metal'via, then performing the processes needed for dielectric
passivation. Therefore the difficulties of forming a narrow
diameter via in a dielectric layer, filling with a metal, and
etching back, are avoided. Therefore this approach can use the
h:_'.gher conductivity, aluminum metallization, obtained using the now
acceptable r.f sputtering procedure. This approach has been
offered by Fisher, et al, in U.S. Pat. No. 4,917,759, and Allman,
et al, in U.S. Pat. No. 5,312,512, in which emphasis is placed on

filling narrow spaces between metal via studs, with dielectric



subsequent overlying netallizations to successfully cover. Thus overlying
metallizations, thin in areas overlying the enlarged seam nmay experience
hi gher current densities than desired, and possibly resulting in

el ectrom gration failure. This invention will describe a
process for creating netal vias, or studs, using the approach of initially
formng the netal via, then performng the processes needed for dielectric
passivation. Therefore the difficulties—of forming a narrow dianeter via
in a dielectric layer, filling with a nmetal, and etching back, are

avoi ded. Thet&Fie, t BbReR@PAAGhifRENtEGh WiR1l dégheibe @ndutbaruty,a abweilnum
netal lization, obtained using the now acceptable r.f sputtering procedure.

Thi s appr cpxcdcdss ireamichf bethdabyurnderdtigingetinabrconnelS métzllidation
4,917,759, and Allman, et al, in US. Pat. No. 5,312,512, in which

enphasi s | Stptckuxe oand jal metgl nuiz Btuwhagse Bemdnfm;ﬂne/i@me with
dielectric -  material. However
this i nverf®edl iayerie sisinge tAdPRRAEALILOFTABREE, ﬁP@cE‘S% RIE \BHQIRSS6Eh an
underlying interconnect nmetallization structure, and a netal via stud, are
formed fromone conposite netal |ayer, using two photolithographic, and

two RIE processes. SUMMARY OF THE INVENTION

It is an object of this invention to create a narrow
metal via structure, and an underlying interconnect metallization

structure, from a single composite metallization layer.

It is another object of this inwvention to produce a
composite metallization layer, composed of a specific underlying
and overlying conductive layer, exhibiting a specific removal rate
for a specific dry etch chemistry, and separated by a different
conductive layer,'exhibiting a slq@ér etch rate, than the overlying
and underlying conductive layers, for that same specific dry etch

chemistry.

It is still another object of this invention to £ill
the narrow spaces between metal via structures, and between
underlying interconnect metallization structures, using a composite
dielectric layer, with a n insulator layer such as a spin-on-glass

layer, to be used as part of the composite dielectric layer.



SUMMARY OF THE | NVENTI ON It is an object of this invention
to.create a narrow netal via structure, and an underlying interconnect
metal lization structure, froma single conposite netallization |ayer.

It is another object of this invention to produce a conposite netallization
| ayer, conposed of a specific underlying and overlying conductive |ayer,
exhibiting a specific renoval rate fop 3 specific dry etch chemstry, and

separated by a di ffereg&u%(gj %dlclt R gggpereé%; SLLi L &5% q_\gg:;en%tigg tgte.

than the overlying an conduc yers for

specific dnunakibe & %@oﬁ\?@éxte dlelectrlc Laye: &, LSis g‘éﬁeﬁﬂ@éf%{e&%’iﬁﬁlog

‘this inveftion to fi narr ow spaces en nmet via structures

bet ween  gdgishyh ?9 bPL6F COH NESHmAFIoA bEZahl 80eflyild Uidferdbndded

conposite dielec ¢ layer, wwth a n insulator layer such as a
Spi n- on- ghetalliaweiont Stbectines, as part of the conposite dielectric |ayer

-5- It is still yet another object of this invention to

In accordance with the present invention a method is
described for creating a metal via structure, and an underlying
interconnect metallization layer, by patterning and etching a
composite metallization layer, using part of a composite
metallization layer as an etch stop. A composite metallization
layer, composed of an underlying barrier layer, an underlying
conductive layer, another thin barrier layer, to be used for a
subsequent etch stop, and an overlying conductive layer, is
deposited on a structure, in which an underlying active device
region in a semiconductor substrate, is exposed. Photolithographic
patterning, and dry etching are used to define a metal via
structure in the overlying conductive layer of the composite
metallization layer. After photoresist removal, another .
photolithographic patterning and dry etching procedure are employed
to define an underlying interconnect metallization structure from
the tpin barrier layer, from the underlying conductive layer, and
from the underlying barrier layer of the composite wmetallization
layer. After photoresist removal a composite dielectric.layer is
used to £ill the spaces between metal via structures, and between

underlying interconnect metallization structures. A chemical



pl anarize the conposite dielectric |ayer, using chem cal nechani cal
polishing, prior to formation of an overlying interconnect netallization
structure. I n accordance with the present invention a nethod
"is described for creating a nmetal via structure, and an underlying

I nterconnect netallization |layer, by patterning and etching a conposite
metal | i zation layer, using part of a com$osite netallization |ayer as an

tch stop. A 0Si_t tallizati | ay, d_of der | yi

bar 1 er | ayBSHRIH GRHEPLY FRYAS GBFRRRAARe *FaPKE ARGT HEYE (ITBAAACPH: ayer
tob d ' ' ,
o deposi RRRerc REREERY EhESH HlsRR BF PHE wILD SNGGNRETET
and dry ol C Gy BASRST Ry AR SRE e F LRGN TRLE afdgoRiRge |

conductive amy@atrbrhbe, GRS bhetoBtRddrtaticoandaxsf etbhifg Prodedinmsst

renmoval , anot her photofithographic patterning and dry etching procedure
are enpl oyarsed acalefrieateaanuoderlyiny intescoanaett meeiddlizamiioroststucuakes e
from the thin barrier layer, fromthe underlying conductive |ayer, and
fromthe underlying barrier |ayer of the conposite netallization |ayer.

After photoresist renpval a conposite dielectric layer is used to fill the
spaces between netal via stPREE rQE§C%%ﬁ?I9§fREGEHEL$%QW¥§RSMJi nt er connect

netallization structures. A chem cal
The object and other advantages of this invention are

best described in the preferred ewmbodiment with reference to the

attached drawings that include:

Fig. 1, which schematically shows a silicon device
structure, prior to the deposition of the composite metallization

layer.

Fig. 2, which schéﬁétically shows the composite

metallization layer overlying the silicon device structure.

Fig. 3, which schematically shows the formation of the
metal via structure, created using the top layer of the composite

metallization layer.

Figs. 4 - 5, which schematically show the formation of
an underlying interconnect metallization structure, created using

the bottom layers of the composite metallization layer.



-6- nmechani cal polishing procedure is next used for planarization

pur poses, exposing the top surface of the netal via structure. Another
barrier layer, and another conductive |ayer are deposited and patterned,

" using photolithographic and dry etching procedures, used to create an
overlying interconnect netallization strucjure. BRI EF
DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her advant ages
of this invention are rigst. descrj beghidm stdlﬁrrmﬂfcﬁﬂ.ugdshﬁbodhﬁ\e@tageé hot
reference to the attached draw ngs that incl ude: Fig 1
whi ch schepeetesding siseds ta $ililctihe dspaces betwesnumetrapr vda somm¢mures.
deposition of the conposite netallization |[ayer.

whi ch scheiRd iRefiveers Maderlang o hPRTERINeRL AUNUESULSS | HjER év@mms-pgtq he

silicon deyice structure. Fig. 3, which schematically shows
the for mat ToF*AE ?¥u§ayﬁﬁtal via structure, created using the top | ayer of
the conposite netallization |ayer.

Fig. 8, which schematically shows the formation of an

overlying interconnect metallization structure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of creating metal via structures and
underlying interconnect structures, from a composite metallization
layer, and filling the spaces.between these structures with a
composite insulator, 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 invention can be applied to. A
substrate, 1, composed of single crystalline silicon, with a <100>
crystallographic orientation, is used. Thick field oxide regions,
(FOX), 2, are created, for isolation purposes.  The FOX regions are
produced by first patterning a silicon nitride - silicon dioxide,

composite insulator, using conventional photolithographic and



Figs. 4 - 5 which schematically show the formation of an underlying
I nterconnect netallization structure, created using the bottom | ayers of
the conposite netallization |ayer.

-7- Figs. 6 - 7, which schematically show the stages of
processing used to fill the spaces between netal via structures, and

bet ween underlying interconnect structurds- with a conposite insulator

| ayer. . Fig. 8, which schenatlcally shows the formation of_ an
overlying i¥Rag¢Tirmdon etching, 2 4RIB), progedures. After photores:.st removal
DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS e et hod of

creating nethe QT?PQﬁ#ﬁﬂnﬁnﬁééaEﬁElPﬁﬂﬁﬁﬁq 9?n§sﬁﬁt%?c@%d%ﬁﬁ?%QHQHCFGFESC°fron1
Structures L & '@%tﬁbgé]?%ay‘*ﬁeal 8 5000, ppRdrkrifs S 53350 d% ES B9 o
ot oft SRERRELLP Srchih SApARA SR Faodbnd? Laé‘f%%d%}“?’?'g‘]%f B3 klieng
manuf act ur eéxiaaé{@&%&aracmghe&ﬁ{;&é&éznlwélaaeﬁbf;I PhesSIRSrid e fbe the

silicon nitride layer, and a buffered hydrofluoric acid solution

for the underlying silicon dioxide layer, a thin silicon oxide
layer, 3, is grown at a temperature between about 800 to 1000°C, to
a thickness between about 50 to 300 Angstroms, in an oxygen - steam
ambient, to serve as the gate insulator of the MOSFET device. A
polysilicon layer is next deposited using LPCVD processing, at a
temperature between about 500 to 700°C, to a thickness between
about 1500 to 4000 Angstroms. The polysiligon can be grown using
insitu doping techniques, by adding eiéher 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 1E1S to 1EL6 atoms/cm’. Standard
photolithographic and RIE processing, 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 type, lightly doped source and drain

region, 5, is formed in semiconductor substrate, 1. via ion



understanding this invention, will be covered in detail

Fig.s 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> crystallographic orientation, is used.
Thick field oxide regions, (FOX), 2, are created, for |solat|on pur poses.
The FOX regions are produced by flrst-pat+ern|ng a silicon nitride -

silicon d %ﬂ%ncaﬁ%ﬁosktghwp%%hgr b SbR%SORYP U GNAl BBYLE whnegraph! ©

and |ve I ONn

(RE), pr 0“6%0'&{ ﬂtfrdog} Lg%@ééﬁtaﬂo%’ED‘iT@]lL%WEJgesM‘&%g%?chﬂsUhaEQi:és%%

pattern is use an oxi mask to - etween a 4000 to

Angst rons @‘nabll é'rd.l.é)h'e% &&pdi tdd 85 0BY | ¢4 HVLPCVDNOA DPIBfR0 eHRENOES -
After renoval of t oxi dati on maski ng conposite, using hot phosphoric

acid for tImhemichncoapartdepbsiumnaﬂ,(aBdVH)bupfemeshingUWdﬂ aotiempatature
solution for the underlying silicon dioxide |layer, a thin silicon oxide

| ayer, 3, ibetyeenmnahout $@0per £AN°C, b@am@hnaﬁmasss@etweemoab@ur}mo t® a
t hi ckness between about 50 to 300 Angstrons, in_ an oxygen - steam anbient,
to serve ad000eRgastrrmsul using JretgRetbrringsi} ieateas a source. An

anisotropic, RIE procedure, uszng CHF, as an etchant, is used to
form insulator sidewall spacér, 6, shown schematically in Fig. 1.
Another ion implantation procedure, using arsenic at an energy
between about 50 to 100 Kev., at a dose between about 1El4:to
5E15 atoms/cm?, is used to create heavily doped, N type, source and

drain regions, 7, in semiconductor substrate, 1.

Another silicon oxide layer, 8, is deposited using
either LPCVD or PECVD processing, -at a temperature between about
500 to 800°C, to a thickness betwéen 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, exposing the top
surface of source and drain region, 7, and polysilicon gate
Structure, 4. After photoresist removal, using plasma okygen
ashing and careful wet cleans, a LPCVD deposition of tungsten is
performed, at a temperature between about 400 ta 500°C, to a

thickness between about 4000 to 6000 Angstroms, completely £illing



polysilicon | ayer is next deposited using LPCVD processing, at a

t enper ature between about 500 to 700[err]C, to a thickness between about
1500 to 4000 Angstroms. The polysilicon can be grown using insitu doping
techni ques, by adding either arsine or phosphine to a silane anbient. The
pol ysilicon | ayer can also be deposited intrinsically, and then doped via
lon inplantation of either arsenic or agphorous at an energy bet ween

Aot 20 ot g o &SRB TRENREE, RO LD b SHLCR8! AT
et chant, g{fy é’éﬁeggt Qet&i\?é"‘h‘?xwgﬁ{:eyﬁ'édrfg‘y&e%f E‘foiﬁt t(;:lbz:g§uréacéh:9f‘”§111con

schematic I'n ter I'st renmoval using
pl asma oxy&efa@myeg agd é‘:@raefmb Ylgetnpiug? nld:\l t3HRm gbaaﬁxahé&pp,d in
source and drain “region, 5, is fornmed in sem conduct or substrate, 1. via
I on Fig. 1. -9- inplantation of

phosphorous, at an energy between about 30 to 60 Kev., at a dose between
about 1E12 to 5E13 atons/cnferr]. A silicon oxide Iayer i s next deposited
using either LPCVD or Pl wajar efRrtne ofc BBAEc ARvenpben dep RAMPFILEE PECVD) ,

processin at_ a tenperature between_about 500 tq 800[err]C, to a
t hi ckness Heldrzation: 1axen: tiF neubreRisitedsandsshgpn id Fig. 2. After

tetraethyl orptrheosIl'e'a%‘?lt gor?sslsabisnogug a buqffered hydrofluoric acid dip, for a

time between about 10 to 60 seconds, for purposes of reﬁoving any
native oxide from the exposed top surface of tungsten plug( 10, a
barrier layer of titanium nitride, 11, is deposited using r.f.
sputtering, to a thickness between about 500 to 1200 Angstroms. If
desired an alternative, using a titanium -tungsten barrier layer,
can be substituted for titanium nitride layer, 11. Next an
aluminum based layer, 12, cdntaining between about 0.5 to 1.0 %
copper, and between about 0.5 to..l..o % silicon , is deposited on
underlying titanium nitride layer, 11, via r.f. sputtering, to a
thickness between about 4000 to 10000 Angstroms. A layer of
titanium-tungsten, (TiW), 13, is then deposited, again ﬁsing r.£.
sputtering techniques, to a thickness between about 300 to 600
Angstroms. This critical layer will be used as an etch stop for-
the definition of a subsequent, overlying aluminum layer, used to
form a metal via structure. Therefore the removal rate of TiW
layer, 13, in relation to the removal rate of a subsequent,

overlying aluminum layer, is critical. The thickness of the



ani sotropic, R E procedure, using CHF[err] as an etchant, is used to form
I nsul at or sidewal |l spacer, 6, shown schematically in Fig. 1. Another ion

i npl antati on procedure, using arsenic at an energy between about 50 to 100
Kev., at a dose between about 1E14 to 5E15 atons/cniferr], is used to
create heavily doped, N type, source and drain regions, 7, in

sem conduct or substrate, 1. - 11 Anot her silicon oxide |ayer, 8,

i s deposit i ng either LPCVD or PECVD, pr sjng, tu

bet veen abatt UG o Ho0bSS SR BB B betaeene st Yudb stE0555
Angst rons. | 14 Lde : ' hegLe i Sgggg _ maghani gal
pol i shi ng ptrroﬁceé ure,qg)é?gd %Jg¥ﬁ%nért?ge dé%b'ﬁigﬁ*é‘r &téog%%%ég% i F"f}%ét oli ?ﬁogrgphi C
and Rl E prooedlsfiti vadakNedsisd £Hemihmaaiopidet Tapdt , il dexlofused to
open contact hole, 9, exposing the top surface of source and drain region,
7, and pol yBiW ilgergatis . SFinglly encthedf a2amphanhobasedtlayemydl4a,usgadn

pl asma oxygen ashing and careful wet cleans, a LPCVD deposition of

t ungst en | scongmifdmgedetwuten abauted af ke b6t hecopramuandobetwesdEFmut] C.5t o
a thickness between about 4000 to 6000 Angstrons, conpletely filling

- 10 - conttRl.fokesibicon RIE gepesiiad vigsusg o [tof.] SPYECSFLR s |2g3dR &R
et chant,
a thickness between about 4000 to 10000 Angstroms. Layers 11, 12,

13, and 14a are deposited insitu, without breaking wvacuum.

The definition of a metal via structure, 14b, is next
addressed, and shown schematically in Fig. 3. A photoresiét
shape, 15, is used as a mask to define metal via structure, 14b,
from aluminum based layer, 14a, via RIE procedures, using Cl, and
BCl,. The removal rate of aluminﬁm based layer, 1l4a,
is between about 5000 to 10000 Angstroms/min., while the removal
rate of TiW barrier layer, 13, is between about 300 to 1000
Angstroms/min. The slower removal rate of the TiW layer, 13,
allows the use of this layer to function as an etch stop, allowing
complete removal of aluminum layer, l4a, including an overetch
cycle, without disturbing underlying, aluminum based layexr, 12.
The metal via structure, 14b, is created with a diameter between

about 0.5 to 2.0 uM.

Figs. 4 - 5, illustrate the creation of an underlying,
composite interconnect metallization structure, 22. After removal

of photoresist shape, 15, using plasma oxygen ashing and careful



I's used to renpbve unwanted tungsten fromthe top surface of silicon oxide
| ayer, 8: creating tungsten plug, 10, shown schematically in Fig. 1. °

A major feature of this invention, a conposite netallization |layer, is
next deposited, and shown in Fig. 2. After a pre-clean, consisting of a
buffered hydrofluoric acid dip, for a _tiye between about 10 to 60 seconds,
for purposes of renoving any native oxide fromthe exposed top surface of

Leipg Ty PUdE clfand, ARlehee phdidlodilon LhARELIE) i BEmdd cd BrdRARR A8
I'f desireaadRiakt 868844 VG MRS ant{lﬁ&é‘i‘l:%ﬁé mc@r Ghebrb8dRécr Can

be substituted for titaniumnitride |ayer, al um num based

| ayer, 12, meealaiBhffoRestMaitud2nu20. SAtRIE  SrdéeditRiClusingdsbet ween about
0.5to 1.0 %silicon, is deposited on wunderlying titaniumnitride |ayer,

11, via r.B&s apuétehang, £é BW barekaeskapet Wex3), ahyig €000and® B5EQ08s
Angstrons. A layer of titaniumtungsten, (TiW, 13, is then deposited,
agai n usi ngtchantssfor dumiguncodsed|layert, 012, tarnd agasn tetve @1, amdiBCIQ0
to 600 Angstrons. This critical layer will be used as an etch stop for

t he defi ni gﬁoﬁ“oﬂ%ﬁ%%@éﬁ??%v‘éﬂ%% aLgridenta¥g®er llusds perfoored a
metal via gtructure.. Ther E@fe the renoval rate of TiW '

| ayer, .13, .in
relation t “ER ngnEB%uuq Y39, QGBEEﬁbﬁﬁt%nt%ﬁﬂﬂqqﬁcﬁgmﬁ%ﬁﬁ%hﬁﬂ#%%&er, i's
critical. EE%uEEhS&Peff,‘ﬁoJQB%ed of TiW barrier layer, 13, aluminum

based layer, 12, and titanium nitride layer, 11. Fig. 5,
schematically shows the narrow, metal via structure, 14b, on the
underlying, composite interconnect metallization structure, 22,
after photoresist removal, accomplished via plasma oxygen ashing

and careful wet cleans.

The £illing of narrow spaces between metal via
Structures, 14b, and between undéflying, interconnect metallization
structures, 22, is next addressed and schematically described in
Figs. 6 - 7. Another critical aspect of this invention is to use
a spin on glass, (SOG), layer to effectively f£ill the narrow spaces
between metal structures, however without allowing the porous SOG
material to interface the metal wvia structure, 1l4b. Therefore a
first interlevel dielectric layer, 17, of silicon oxide, is
initially deposited using PECVD processing, a temperature between
about 300 to 500°C, to a thickness between about 4000 to 8000
Angstroms. The SOG layer, 18, providing excellent f£illing



Ti Wl ayer, 13, was chosen to withstand the over etch cycle for the
subsequent, overlying alum numdefinition process. Again an alternative is
to use a titaniumnitride layer in place of TiWlayer, 13. Finally another
al um num based | ayer, 14a, again containing between about 0.5 to 1.0 %
copper, and between about 0.5 to 1.0 %sjslicon, is deposited via use of
r.f. sputtering, again to a thickness between about 4000 to 10000

ANgst 1 oS cplbdBEs-tesdd; 14 how iiptdBartes SENOSI S IS e cHohBOUD o

breaki ng vacu via s
14b, is nenacmégéeééeﬂee&%oa@m&%embcméytf&nfl 9508- 1afwbot1@r egist

shape, 15, is used as a mask to define metal via structure, 14b, from
al um num bbabddctegicto d4fakeidutRlat pr cerperiSurd Hatgredn abolitando 86l [err].
The renoval rate of alum num based | ayer, 14a, is between about 5000 to

10000 Ang200Yw /amidn curihgl eatt lee tewpevature hetwebnTabdbir2Sletol 45@C, £8r is
bet ween about 300 to 1000 A Angstrons/m n. The slower renoval rate of the
T|VVIayerPu{B°se§IP5wBe@¢MiQExiﬂﬂ°rPﬁF§tF@yéYOlQﬁﬁlﬁuﬁqm99n§§t§nf§9@h5@$op,

al | owi ng renoval of_ al um nu F # %g i ncl ud| an over etch
u

cycle, wi llﬁgﬁ | eﬁ'gturmﬁgs%dérﬁef o £ qt&’gﬁér Fhials

exhibiting the needed f£illing characteristics, such as polyimide,
or high density plasma oxide. The complete filling of the spaces
between metal structures is completed by the deposition of a second
interlevel dielectric layer, 19, of silicon oxide, again deposited
using PECVD processing, at a temperature beﬁween about 300 to
500°C, to a thickness between about 6000 to 12000 Angstroms. A
chemical mechanical polishing procedure is next employed, using
NH,CH or KOH silica slurry, to planarize the composite

insulator, featuring SOG layer, 18: The chemical mechanical
polishing procedure is performed to a point in which the top
surface of metal via strﬁcture, 14b, is exposed. If an reactive
ion etching procedure was used to expose the top surface of metal
via structure, 14b, remaining volatile components from exposed
portions of SOG layer, 18, could have reacted with the exposed top
surface of metal via structure, 1l4b, creating interface resistance
problems for subsequent overlying interconnect metallization

structures.

The formation of an overlying, interconnect



The metal via structure, 14b, is created with a di ameter between about 0.5
to 2.0 uM Figs. 4 - 5, illustrate the creation of an
under |l yi ng, conposite interconnect netallization structure, 22. After
removal of photoresist shape, 15, using plasma oxygen ashing and careful

- 12 - wet cleans, another photoresist shape, 16, is fornmed to provide the
maski ng needed to create an underlyi ng sot¥esite, interconnect

metal li zation siructure, 22. A RIE procedure, using SF[err] as an etchant
for Ti Wbar PRER 133100 Stoystygeq {%Pﬁrtaﬁﬁﬁmq%f ppdashown Sehsmatically

al um num basgdgl gveg, ]a?%? nd aln usin Clé ri]éqa%c}]fBCI[ rr] .as.an .,
etchant to pat’f?gégh élt ?ﬁiﬁﬁ r&éeFaé@??rlfﬁ d) 'or’ﬁeﬁez’ Febed ising
under | yi ng, gC80OP 'éfé'%p r e higgﬁ i%fﬁiéﬁ? t cé e 2% onposed
of Ti Whbarrier Ig%r, ii ,ge'am%n&m agge%i ayer, f%’,orugn Btbi fgn %I?f?nitl‘i de
layer, 11. Kh@stPoms SCheflild Gl Y taPRYEI & Y Qe g%%&r\.(éé i%gé'fture’
14b, on the underlying,” conposite interconnect netallization structure,
22, after photirasiwi mitmied. aacalphimiebaded nayer o1ydesndshifigy; and
careful wet cleans. .
. between about 0.5 to 1.0 % copper, and between about 0.5 to 1.0 %
silicon, is deposited using r.f. sputtering, to a thickness between
about 6000 to 12000 Angstroms. Conventional photolithographic and
RIE procedures, using Cl, and BCl, as etchants for aluminum based
layer, 21, and SF, as an etchant for TiW barrier layer, 20,
are used to create overlying, interconnect metallization
Structure, 23. This structure is schematically shown in Fig. 8,
after photoresist removal, using plasma oxygen ashing and careful
wet cleans. It can be seen in Fig. 8, that overlying interconnect
metallization structure, 23, and.underlying interconnect
metallization structure, 22, are connected by metal via structure,
14b, with both metal via structure, 14b, and underlying

interconnect metallization structure, 22, being formed from the

Same composite metallization layer.

This process for forming both metal via structures and
metal interconnect structures, from a single composite
metallization layer, although shown as connecting a first level
interconnect structure to a second level interconnect structure,

can also be applied to metal via structures connecting upper level



The filling of narrow spaces between netal via structures, 14b, and

bet ween underlying, interconnect netallization structures, 22, is next
addressed and schematically described in Figs. 6 - 7. Another critical
aspect of this invention is to use a spin on glass, (SOG, layer to
effectively fill the narrow spaces between nmetal structures, however

w thout allowi ng the porous SOG naterial 15o-interface the netal via
structure, 14b. Therefore a first interlevel dielectric layer, 17, of
silicon o%@rcpgnechusnmqwnﬁposm eddasiing HQE(S\/ﬁ)nweut;egalaﬂg;hmlgh shown
tenperature between, about 300 to 500[err]C, to a thickness between about

4000 to sééoanAﬁgg%%Sﬂ’émfrh*eo ST Spaiicess, CBR o I M SRRYHSEhtES Pl | i ng

- 13 - now applie LlSI n conv nal nethods to a
{hi ckness BeRdEEn CREETY oGy AR 005 R REY - SUEHPS) oy deviices  and £
subj ect ed giempgPake UL at a tenperature bet ween about 100 to 200[err]C,
and curing, at a t enper at ure between about 250 to 450[err]C, for purposes
of renoving incorporated, volatile conponents from SOG | ayer, 18. The SOG
| ayer can be repl aced mlpé haiisahieat Son n ,;nf&,_d_@;i 'A‘,,In!'
characteristics, such as polyimde, ‘c:)rohleﬁg%? %(E%?I ?afglf%srra xisgie. %gd
conpl ete ﬁesbrmgedfwitﬂe refietence to, the preferred embodiments thereof, it

will be understood by those skilled in the art that various changes

in form and details may be made without departing from tﬁe spirit

and scope of this invention.

What is claimed is:



bet ween net al

structures is conpleted by the deposition of a second

interlevyel dielectric layer, 19, of silicon oxide, again deposited

ng, at a tenperature between about SOOJmm5m1mﬂﬂﬂ,m|
|

thi ckness between about 6000 to 12000 Angstroms. A Clifell
pol i shing procedure is next enployed, ugiﬂp_ NH err] OH or” KOH &il fca*
slurry, to planarize the conposite insulator, featuring SOG | ayer,

which the top dur fabetied Ferafabrifatiit A fobPrl e At pklef s Ny "
t.chij . f tal
B SRR R T TR AR A R, bEB AL T O
' : ] t al
T e b L e eqent
overlying interaaql zaRi8hk! §8rudfured,” Wonprd%ing the steps of:The

formation of an overlying, interconnect
- 14 - netallization prbui8ing, a¢tsive dewidd eegadnaniinssai® ModrEmti cal |y
in Fig. 8. Another barrier layer of TiW 20, is deposited using r.
sputtering, to aeviicekstsuchburercon it sEQCconduz00r swbglratars. Again an
alternative is to use a barrier |ayer _

PECVD pr ocessi

reactive ion
via structure,
SOG | ayer, 18,
via structure,

depositing an insulator layer on said

semiconductor substrate, including deposition on said

usi ng

18.

f.

active device regions, of said MOSFET device structure;

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

deposition of a contact hole £ill layer on top
surface of said insulatpr layer, completely filling
said contact hole; -

removal of said contact hole £fill layer from top
surface of said insulator layer, forming a metal plug in
said contact hole;

surface cleaning of said metal plug;

deposition of a first barrier layer on top surface

of said insulator layer, and on top surface of said metal

plug;

deposition of an underlying metailization layer on

said first barrier layer;



of titaniumnitride. An alum num based | ayer, 21, containing betmeen
about 0,5 to 1.0 % copper, and between about 0.5 to +6—9% —siticon,
deposited using r.f. sputtering, to a thickness betwee ﬂ
12000 Angstrons. Conventional photolithographic and Blmmmm;“lmmm sing
Cl[err] and BCl [err] as etchants for alunhnun1based ayef, 21" arkd *
SF[err] as an etchant for TiWhbarrier |ayer, are used to create

| vi ng, t t t al l. t
Schemat | Sal Iy §L83£“.e‘n’ ity bR sedbid” %%%m%i&g?% SRR o
oxygen ashi ng an ﬁiﬁ%méﬁll%ﬁﬁ%n 15%&n be seen in F| g. 8, that

overlying |nterconne izatiron structure, 23, and.underlying
interconnect  netalli zadddyl eSbnUeE W SveddyidgemeORNEES 26k &Y 1/ed! oMi @

structure, 14b, with both metal via strucCture, 14b, and underlying
i nterconnect net ghidzeddst Harudewr daydr; being formed fromthe sane
conposite netal lization |ayer. This process for form ng both

metal via structures anfbrmiztgala fatrstcphoectesistcthapes onf sadda si ngl e
conposite netallization |ayer, although shown as connecting a first |evel
i nt er connect strQE@I#XiQE)m@&%&%éﬁétﬂévelaYﬂ¥Erconnect structure, can also

be applied to netal via structures connec u |.evel
PP etching of said over y1 g'égjalllzatlon layer, in

regions not covered by said first photoresist shape, to
create said metal via structure, on said second barrier
layer;

removal of said first photoresist shape;

forming a second photoresist shape on said second
barrier layer, completely covering said metal via
structure;

etching of said second barrier layer, of said
underlyingtmetallization layer, and of said first barrier
layer, in regions not covered by said second photoresist
shape, to create an underlying, composite intexrconnect
metallization structure, underlying said metal via
structure, and contacting underlying said metal plug;

removal of said second photoresist shape;



- 15 - interconnect structures. In addition this inventiomartheugh—shown

as an application to NFET devices, can also be applied , ;
(PFET), devices, conplinmentary, (CMOS), devices, and t ?"WH&E@‘&H@WHH‘
While this invention has been particularly shown and descri be | x

reference to, the preferred enbodinents jgereof, it wll be understood by

those skilled in the art that various changes in formand details may be

made wi thout departing.framt8e Phrtfrs@idece86eiadidlictd AL} P

What is clained is:
on said metal via structures, on said underlying,

composite intercomnect metallization structures, and on
top surface of said insulator layer, not covered by said
underlying, composite interconnect metallization
structures;
application of a spin on glass layer on said first
interlevel dielectric layer, partially filling spaces
between said metal via structures, and between saia
underlying, composite interconnect metallization
structures;
heat treating of said spin on glass layer;
curing of said spin on glass layer;
deposition of a second interlevel dielectric
layer, on said spin on.giass layer, completely filling
spaces between said metal via structures, and between
said underlying, composite interconnect metallization
structures;
chemical mechanical polishing to expose top
surface of said metal via structure, and to planarize top
surface of said first interlevel dielectric layer, top
surface of said spin on glass layer, and top surface of

said second dielectric layer;



-16- 1. ‘A nmethod for fabricating a MOSFET device structure, on
sem.conduct or substrate, using a netal via structure Illﬂﬂ'l“l“l
contact between nmultil evel interconnect netallizati onslmllmmm
conprising the steps of: provi ding active device* regidns™inSsafd’

MOSFET device structure, on said sem conductor substrate;
depositing an insulator |ayer on said serfi9cenduct or substrate, i ncl udi ng

deposi tion onsaid r cture
openi ng a contact holéé¥§ssa| ISﬁS%FEh?. g)%gggkdlt%gpos%op surface of
sai d active deviferLegi 8@57a1§ me"‘t%'ldvﬁ@sggﬁééﬂf&e & redd Wilbface of

deposition of a contact h | ayer on top surface of said insulator
| ayer, conpletekyiiifitdig 1n&étﬂe@@lﬂcﬁféﬂ.eh:@|r&c layer, on/ €6pvdirfeicesaEd

contact hole fill layer fromtop surface of said insulator l|ayer, formng
a netal plug insatdi gptmndracsldss dayer, and onrtopesudtfzoe f ghigdai d net al
pl ug; deposition of a first barrier layer on top surface of said

i nsul at or | ayer seanudointeplens) selectricdlagent plug; deposi tion

of an underlying netal lizatjon |ayer on
deposition of a second level metallization layer,

on said third barrier layer;
forming a third photoresist shape on said sgcond

level metallization layer;

etching of said second level metallization layer,
and of said third barrier layer, in regions not covered
by said third photoresist shape, to form an overlying,
composite interconnect metallization structure,
contacting underlying said metal via structure; and

removal of said_third photoresist shape.

2. The method of claim 1, wherein said first barrier
layer is titanium nitride, deposited using r.f.
sputtering, to a thickness between about 500 to 1200

Angstroms.

3. The method of claim 1, wherein said underlying -
metallization 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.



said first barrier |ayer; deposition of a second barrier

| ayer on.said wunderlying netallization |ayer; deposition of a
overlying netallization |layer on said second barrier |ayer;

formng a first photoresist shape on said overlying netal IHI&IM”HI"“HHHII"I“'
etching of .said overlying nmetallization layer, in regions not coveré&d

said first photoresist shape, to create- 2@i€d netal via structure, on sald
second barrier |ayer; renoval of said first photoresist shape;

formi ng a second. pI‘hﬁdh%ﬂlei oﬁhaéexmnlsawmemmaldo@eqm baysier

compl etely covering said netal via structure,; et chi n% of said
second barrier 1¥ye¥ 150F’-§§PE|“‘“U’n&EPH§F% R340 i QﬁPPﬁht?%We‘? JaRdfof said

Shape, o0 o eat SPUFESRAE Jihd CEOREBERY oA et 00 e 8gbr %! <!

Angstroms.

5. The method of claim 1, wherein said overlying
metallization layer is aluminum, containing 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.

6. The method of claim 1, wherein etching of said
overlying metallization layer is performed using reactive
ion etching, using Cl, and BCl, as an etchant, at a
removal rate between about 5000 to 10000 Angstroms/min.,
while underlying, said second barrier layer has a removal
rate, between about 300 to 1000 Angstroms/min., when
subjected to Cl, and BCl,, at the conclusion of the

etching cycle for said overlying metallization layer.

7. The method of claim 1, wherein said metal via
structure, formed from said overlying metallization

layer, is created with a diameter between about 0.5 to

2.0 uM.



metal lization structure, underlying said nmetal via structure, and

contacti,ng underlying said netal plug; r enoval of sal d second
phot or esi st shape; umm

deposition of a first interlevel dielectric |ayer on sai wlu "I”a"lll "IIII
structures, on said underlying, ~ conposite interconnect netalli Zati%ons *

structures, and on top surface of saidy4i nsulator |ayer, not covered by
sai d underlying, conposite interconnect netallization structures;
application of &#sfhe vetippdssE Lagim lonwbardifi esching mifeshédesecting ectric

| ayer, partiall y fil I [ na spaces bet ween said netal via, structures, and
bet ween said Q}’eé'ohﬁogﬁl’f@mﬂdel‘l@éﬁﬁeé'ﬁaﬁ’é%‘éﬁl i9mtetshing,
structures; heat treating of said spin o ass .| ayer;

curing of said é’pﬂ’ﬁ‘goﬁ | &% 41 ant, at a ‘6%%%? Hetyeen  ond

interlevel diele r| C a }ﬁaﬁq: %: gI ass |layer, conpletely
filling spaces RIG ésdzﬁ@? pﬁ‘ggures, and bet ween
9. The method of claim 1, wherein etching of said
underlying metallization layer is performed using
reactive ion etching, using Cl, and BCl, as an etchant,
at a removal rate between about 5000 to 10000

Angstroms/min.

10. The method of claim 1, wherein etching of said first
barrier layer is performed using reactive ion etching,
using Cl, and BCl, as an etchant, at a removal rate

between about 1000 to 2000 Angstroms/min.

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

to a thickness between about 4000 to 8000 Angstroms.

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

7000 Angstroms.



sai d underlying, conposite interconnect netallization structures;
cheni cal snmechani cal polishing to expose top surface of _said metal via
structure, and to planarize top surface of said first

inter|evel
o1 Sa e Secona o bt Taper, o ¢ e om oo L IHITER NRARE-

- deposition of a third barrier Iaye?zoh exposed top surfaceé of said
nmetal via structure, on top surface of said first interlevel dielectric

|l ayer, on top si3f arte adethod @£SPLALNL Olviferdiay saidagginnohogless f ace of
said second interlevel dielectric |ayer; deposition of a second

| evel metallizatayer |is/ dakedontsai tengeratuz bietweleayabput 100 toforning a
third photoresist shape on said second |evel netallization |ayer;

etching of sai d2@®Cendnfleferedeih|d itARPRIALIARcPEtWARR @lPOWR|26Q hird
barrier Iayer,ir1£§§ions not covered by said third photoresist shape, to
form an overlyiﬁ , C.

14. The method of claim 1, wherein said second interlevel
dielectric layer is silicon dioxide, deposited at a
temperature between about 300 to 500°C, to a thickness

between about 6000 to 12000 Angstroms.

15. The method of claim 1, wherein said chemical
mechanical polishing is performed using NH,OH or

KOH silica slurry.



conposite interconnect netallization structure, contacting underlying said
netatl via structure; and renoval of said third-photerestst—shape.

2. The nethod of claim1l, wherein said first barrier i [ '
nitride, deposited using r.f. sputtering, to a thi ckmmﬂﬂguwmlﬂ;mp 500
to 1200 Angstrons. 3. The met hod of cl_ai':,,m_l, wher ei i Sai duuneers yi=ng
netallization layer is alum num containing between about 0.5 to 1.0 %

: d bet bout 0.5 t 0 9%.sili ited ' T
Sputtering. to SenPoRbied n RaBricRbiRY IR BRR A,
- 20 - 4. Th t LLa: ' WP s I [
titanium - tuﬁgﬁeﬁ?gfﬁgw%l&%é}p%%ist eg%gggﬁza?g%ﬁgcggg?% r‘}rfgar toager ®

thi ckness bet wegt rabute 30brndd @Rom N i te matalPezaRiH0Ad el @i m 1,

wherein said overlying
to provide electrical contact between an underlying

interconnect metallization structure, also formed from
said composite metallization layer, and an overlying
interconnect metallization structure, comprising the
steps of: .
providing active device regions in said MOéFET
device structure, on said semiconductor substrate;
depositing an insulator layer on said
semiconductor substrate, including deposition on said
active device regions, of said MOSFET device structure;
opening a contact hole in said insulator layer, to
expose top surface of sai& active device regions, in . said
MOSFET device structure;
deposition of a tungsten layer on top surface of
said insulator layer, completely filling said contact
hole;
removal of said tungsten layer from top surface of
said insulator layer, forming a tungsten plug in said
contact hole;

surface cleaning of said tungsten plug;



metal lization layer is alum num containing between about 0.5 to 1. 0 %)
copper, and between about 0.5 to 1.0 % silicon, to a thictkness bet

about 4000 to 10000 Angstrons. 6. The nethod of claim I "ﬂ g
of said overlying netallization |ayer is perforned_u3|n I“ u lum"ﬂ ﬂ r
etching, using Cl[err] and BC[err] as an etchant, at a rendval rte *

bet ween about 5000 to 10000 Angstrons/nrn?ﬁ —whi |l e underlying, said second
barrier layer has a regopval,_.rate

: ween gﬁout 300.&0.&008 . _
APgerons/nLn when SERSAGEOR P§ él%%§§ﬁ TBHY S-FF 298t ?ﬁﬁlﬁﬁncLu3|on
7. T
2EILO§ o?tglgpg%gygkee%%r% sa|5%!8%a¥£3$%ggnéﬂéﬂ: tIOEFgg da??oﬂ?salg

overlying netal S8l ter between about
queriying n ékgagé@rho;s BiRirackSof! M ELWiddt e gnagE petueen about -

claim1, V\/nerel n et chi dgpo¥itiaindos eeOifder BAidd calbAYftmiBa gl hakgEd usi ng
reactlve i on et chi ng,
layer, on said first titanium nitride layer;

deposition of a'first titanium - tungsten barrier
layer on said underlying, aluminum based metal layer;

deposition of an overlying, aluminum based metal
layer, on said first titanium - tungsten barrier léyer;

forming a first photoresist shape on said
overlying, aluminum based metal layer;

etching of said overlying, aluminum based metal
layer, in regions not covered by said first photoresist
shape, with etch stopping at said first titanium -
tungsten barrier layer,:to.create said metal via
structure, on said first titanium - tungsten barrier
layer;

removal of said first photoresist shape;

forming a second photoresist shape on said first
titanium - tungsten barrier layer, completely covering
said metal via structure;

Al



using SF, as an etchant, at a renoval rate between about 1500 to 2500
Angst rons/ m n. 9. The nethod of claim1, wherein etchi ng of said

underlying netallization |ayer is performed using reacti ’mmm,ﬂumﬂu"’
S *

using Cferr] and BC[err] as an etchant, - at a renoval L
5000 to 10000  Angstrons/mn. 10. The nethod of claim1, wvhereid
etching of said first barrier layer is—p& fornmed using reactive ion
et chi ng, using Cl[err] and BC[err] as an etchant, at a renoval rate
bet ween about 1000 to SbOELng @St sk /LHESL titaniumhetungsoen daxsigom 1,

wherein said fi éSt I nterl ev,eAa lelectric I@{er s silicon oxide, deposited
usi ng PECVD pr 68¥85: ngt sat &Y iRgr e buhhiium basiad meseli 4a¥80C, to a

t hi ckness bet Wegﬂdagf)?ﬁigo JC_)rgg t%%%%lﬁ@gﬁ%ﬁ?ﬁ% ]ﬁy}e%’t%'ge net hosggg&eglnai m

1, wherein said spin SsTUlay
about 3000 to ¢@0Qr&895) 'YFs second photoresist shape, to create an

underlying, composite interconnect metallization
structure, underlying said metal via structure, while
contacting underlying said tungsten plug;

removal of said second photoresist shape; |,

deposition of a first silicon oxide layer on said
metal via structures, on said underlying, composite
interconnect metallization structures, and on top surface
of said insulator layer, not covered by said underlying,
composite interconnect metallization structures;

application of a spin on glass layer on said first
silicop oxide layer, paitially filling spaces between
said metal via structures, and between said underlying,
composite interconnect metallization structures;

heat treating of said spin on glass layer;

curing of said spin on glass layer;

deposition of a second silicon oxide layer on said

spin on glass layer, completely filling spaces between
said metal via structures, and between said underlying,

composite interconnect metallization structures;



-22- 13. The nethod of claim1l1l, wherein said spin on glass |ayer is baked
at a tenperature between about 100 to 200[err]C, and—<€uredat—a —

t enperature between about 250 to 450[err]C. 14. Th iJn 1
wherein said second interlevel dielectric layer is sﬂl,lipmmilmqﬂﬂfnﬂﬂ‘ _
deposited at a tenperature between about 300 to 500[ erd | (, i ess

bet ween about 6000 to 12000 Angstrons. - 26~ The nethod of claim 1, wherein

said chem cal nmechanical polishing is Eerfo[neg using NH err]OH or KOCH
silica slurry. chemical mechanical polishing tQ@P®Xpos@ tAPnet hod f or

fabricating a MOSFET dev] .Structure, em _cqgnduct.or substrate,

ce on_a s
using a netal Vpg.rfag?r g8 nethader ?Bﬁﬁt%?rp 'é?r%]taé}aﬁlf?ﬁ F8R | ayer,
motol 11 zat i on SERREREE S SRS FErTEarron L 18355sck b8 R 2501 on
layer, and an oygilViid, on glass layer, and top surface of said second
silicon oxide layer;
deposition of a second titanium - tungsten barrier
layer on exposed top surface of said metal via structure,
and on top surface of said first silicon oxide layer, on
top surface of said spin on glass layer, and on top
surface of said second silicon oxide layer;
deposition of a second level, aluminum based
layer, on said second titanium - tungsten barrier layer;
forming a third photoresist shape on said second
level, aluminum based lgyer;
etching of said.second level, aluminum based
layer, and of said second titanium - tungsten barrier
layer, in regions not covered by said third photoresist
shape, to create an overlying, composite interconnect
metallization structure, contacting underlying, said
metal via sﬁructure; and

removal of said third photoresist shape.

17. The method of claim 16, wherein said first titanium
nitride layer is deposited using r.f. sputtering, to a

thickness between about 500 to 1200 Angstroms.



I nterconnect netallization structure, conprising the

Q f\ b
prOV|d|ng active device regions in said MOSFET devic aid
seri conduct or substrate; depositing an insul at ﬂ[&ﬂg‘“ﬂﬁ HEﬂm
sem conduct or substrate, including deposition on said

regi ons, of said MOSFET device structure; opening a contact hole in

said insulator layer, to expose top sur?ace of said active device regions,

in said MOSFET devi u (#HE#E f sken | ayer on
top surface of g%ldﬁfnﬁﬁ% E'B aﬁé?”“éﬂib l'ete &% ?hgﬁg%?ggc ﬁiact

hol e, r NP fim ?o%s@dt o ?éfsenlé aammiﬂm t&&t&&hﬁ.ﬁﬁeb@fmeéﬁl d

insul ator layer, formng a tungsten plug in said contact hole;

surface cl eani ngawduts @ & tvongsoes @bp@ér, and between about 0.5 to
C L M 24 - deposition of a first

titaniumnitridelbary isilidomyedeposited widqae fof spatderingl atoral ayer,

and on
thickness between about 4000 to 10000 Angstroms.

19. The method of claim 16, wherein said first titanium
- tungsten barrier layer is deposited using r.f.
sputtering, to a thickness between about 300 to 600

Angstroms.

20. The method of claim 16, wherein overlying, aluminum
based metal 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.

21. The method of cléim 16, wherein etching of said
overlying, aluminum based metal layer, is performed using
reactive ion etching, using Cl, and BCl, as an etchant,
with a removal rate between about 5000 to 10000
Angstroms/min., while undérlying, said first titanium -
tungsten barrier layer has a removal rate between about
300 to 1000 Angstroms/min., when subjected to Cl, and
BCl,, at the conclusion of etching cycle for said

overlying, aluminum based metal layer.



exposed top surface of said tungsten plug; ~deposition of an
under |l ying, alum num based netal |ayer, on said first titaniumnitride

| ayer; deposition of a first titanium- tungst m on
sai d underlying, alum num based netal |ayer; E |I|mlnu)ullﬁn“|
overlying, alunminum based nmetal layer, on said first tftahium-" tdngsten
barrier |ayer; formng a first phet28esi st shape on said
overlying, alum num based netal |ayer; et ching of said overlying,
al uni num based net al22.| AherMetRoqd & (ﬂi@l-ﬁbt'l%ovbeﬁﬂlbysm dﬂeftiarlstVJ-a

phot oresi st shape, with etch 0 at said first titanium- tungsten
barrier layer, to cPEXPEEULR ﬁ%ﬁéﬁé\ﬁQQm §FFGCPVF€1¥bﬂ9569¥PW¥q%ﬂ hﬁsﬁgﬂlun1
- tungsten barrier . sajd first ot or esi st pe;
form ng a second phS'Fg%(‘gs{'%}fe%'héﬁec%%g%%?&’lﬂ"r§t 13netas B EF n’a%q 0.8
barrier layer, conplgtgly gqvering said netal via structure;

T . .

23. The method of claim 16, wherein etching of said
first titanium - tungsten barrier layer, is performed
using reactive ion etching, using SF; as an etchant, with

a removal rate between about 1500 to 2500 Angstroms/min.

24. The method of claim 16, wherein etching of said
underlying, aluminum based layer, is performed using
reactive ion etching, using Cl, and BCl, as an etchént,
with a removal rate between about 5000 to 10000

Angstroms/min.

25. The method of claim 16, wherein etching of said first
titanium nitride layer, is performed using reactive ion
etching, using Cl, and BCl, as an etchant, with a removal

rate between about 1000 to 2000 Angstroms/min.

26. The method of claim 16, wherein said first silicon
oxide layer is deposited using PECVD processing, at a

temperature between about 300 to 500°C, to a thickness

between about 4000 to 8000 Angstroms.



etching of said first titanium- tungsten barrier layer, of said
underlyi.ng, alum num based netal layer, and of said first titanium mnitride

| ayer, in regions not covered by said second photores l, M)m”mﬂjml a
an underlying, conposite interconnect netallization 'L/l ng
said netal via structure, while contactigg underlying said tungst n plug;
renoval of said second photoresi st shape deposition of a first

silicon oxide | gyer 1l 8kfloa B¥ ArathP18!  YREUEER s8Ik SEbth WHIYALENT.

corrp05| te i nt er connect me |1Tzati on st r’uct ures, tOp S ace
sai d insul ator %?/,a& iB0hpFPYEd &b laytaabﬂneagebéuwaen asQWP A IeE to
a

i nterconnect netallizati on structures; application of a spin on

gl ass layer on ga@iod hngstromslicon oxide layer, partially filling spaces
between said netal via structures, and between said underlying, conposite
i nterconnect netallization structures; heat treating of said spin

on glass |ayer; 28. The mepliad)off ctain i wherejnaseifagpin on glass
deposition of a_second silicon oxide layer on said spin on§_g0 ass | ayer,

conpletely filll3yeFpatclaked \tle? EHPGTAELAR Pﬁﬁwg?’i‘@‘?‘?}i‘é 0a¥® bet ween

sai d underlyi ng,zoogé)rrposd tcure%t gLegn gﬁéeggé&l_élge tvlleoerhs [ U Li %s

to 450°C.

29. The method of claim 16, wherein said second silicon
oxide layer is deposited using PECVD processing, at a-
temperature between about 300 to 500°C, to a thickness

between about 6000 to 12000 Angstroms.

30. The method of claim 16, wherein said chemical

mechanical polishing is-performed using NH,OH or KOH

silica slurry.



- 26- chem cal nmechanical polishing to expose top surface of said
nmetal via structure, and to planarize top surface of said first silicon

oxi de layer, top surface of said spin on glass laye”“‘“ﬂ“‘“ta“"lmﬂl“me of
said second silicon oxide |ayer; deposition IHgENi um -

tungsten barrier |ayer on exposed top surface of sai 8 nktal Via’structure,
and on top surface of said first silicon 8Ride |ayer, on top surface of

Tayer st % B50d MasreR dalen krRENER " oRLA AESOREH S Phyer . on Sai d

second titani ums'ubtos;f:rll:%%teencgé&%ﬂr} ayer; formng a third

phot or esi st shape alrd secon vel , al um num based | ayer;

etching of said second g;gygl oxfhd MdyiBriasad thkakgtra@BdoPf5 sai d second
titanium - tungsten barrier layer, 7 n regions not covered by said third

phot oresi st shajunidonduceatesais®orgdd yi ng, conposite interconnect
nmetallization structure, contacting underlying, said netal via structure;

and a device region between said f£ield oxide regionms;

a polysilicon gate structure on said semiconductor
substrate, in center of said device region;

a polysilicon gate structure on said field oxide
region;

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

an insulator layer on said source and drain

regions, on said polysilicon gate structures, and on said
field oxide regions;

contact holes in said insulator region, to top
surface of said polysilicon gate structure, in center of
said device region, and to top surface of said source and
drain region, filled with'a ﬁetal plug;

a first level interconnect metallization
structure, on said insulator layer, and contacting
underlying, said metal plug, in said contact hole;

a narrow metal via stud structure, on said

underlying, first level interconnect metallization structure;



renoval of said third photoresist shape. 17. The nethod of claim 16,
wher.ein said first titanium nitride |layer is deposited using Ih"“luum

.
sputtering, to a thickness between about 500 to 1200 fum “ﬂ

- 27 - 18. The nethod of claim 16, wherein said under i L

based | ayer, is alum num containing between about 0.5 to 1.b 95copper,
and between about 0.5 to 1.0 %silicom 3deposited using r.f. sputtering,
to a thickness between about 400Q to_10000, Angstrons. 19. The met hod of

cl ai m 16, wherein sai d®fFORRORILEIAREHLALOF LIRES N Wity ife PLRAREr i s

d ited [ f. sputterin to a thickness bejween about 30Q to 600
Anpetrom. 50 thaReraB ey it 10nk; 15eces RREFEER SALH ROFAGY BRYAD M3A basod

[ ] Al b . ) 1.0 % ,
ond bet veen’ aboSt FHCEIHER., 0 Beblipln ERLECHAR Soval: 3akBrpolngtEO0PE
to a thickness maghyEerait'5etOfut0s 19908 B9 ¥ e of said metal

via structure, exposed; and

a second level interconnect metallization
structure, on said planar, composite insulator layer, and

contacting underlying, said metal via structure.

32. The MOSFET device structure of claim 31, wherein said
narrow metal via structure is an aluminum based metal,
with a height between about 4000 to 10000 Angstroms, and

a diameter between about 0.5 to 2.0 uM.

33. The MOSFET device structure of claim 31, wherein said
composite insulator layer, -used to £ill spaces between
said narrow metal via structures, and between said first
level interconnect metallization structures, is composed
of an underlying silicon oxide layer, with a thickness
between about 4000 to 8000 Angstroms; a spin on glass
layer, with a thickness between about 3000 to 7000
Angstroms; and an overlying silicon oxide layer, with a

thickness between about 6000 to 12000 Angstroms.



21. The nethod of claim 16, wherein etching of said overlying, alum num
based netal l|layer, is perfornmed using reactive ion etching, using Cferr]
and BCl[err] as an etchant, wth a renoval rate between about 5000 to
10000 Angstronms/mn., while underlying, said first titanium- tungsten
barrier layer has a renoval rate between as ut 300 to 1000 Angstrons/mn.,
when subjected to C[err] and Bd[err], Tat“t"he concl usi on of etching cycle
C () ] - :

for said quear, | i, num ba

. 2g .  pZURHAT] e S St ruct ure,
formed fromsaid | yi ng, nmetal |ayer, is created with a
di amet er bet ween about 0.5 to 2.0 uM 23. The nethod of claim16,

berformed using react) PEOTSES oidh hedtin RGN dAL Hha Bifleeites

a renoval used DetydRfectd@idtal2fPat ford I ARIShadBeBhNdeveloped. The
process features initially forming a narrow, metal via structure,
and then an underlying interconnect metallization structure, from
a single, composite metallization layer. The composite
metallization layer is composed of conductive layers, with a
specific layer used as an etch stop, allowing creation of a narrow
metal via structure, from the top layer of the composite
metallization layer, without disturbing the bottom layers. The
bottom layers of the composite metallization layer are then
patterned to create the underlying interconnect metallization

structure.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



24. The nethod of claim 16, wherein etching of said under | yi ng, al um num
based | ayer, is perforned using reactive ion etching, using dferr] and
BC [err] as an etchant, with a renoval rate between about 5000 to 10000
Angstrons/ m n. 25. The nethod of claim 16, wherein etching of said first
titaniumnitride layer, is perforned using reactive ion etching, using
Cl[err] and BC[err] as an etchant, with a renoval rate between about 1000
to 2000 Angstrons/mn. 26. The nmethod of claim 16, wherein said first
silicon oxide layer is deposited using PECVD processing, at a tenperature
bet ween about 300 to 500[err]C, to a thiygkness ' between about 4000 to 8000
Angst r ons. - 29 - 27. The nethod of
claim 16, wherein said spin on glass layer is applied to a thickness

bet ween about 3000 to 7000 Angstrons. 28. The nethod of claim 16,
wherein said spin on gl ass '
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| ayer is baked at a tenperature between about 100 to 200[err]C, and cured
at _a tenperature between about 250 to 450C 29. The nethod of claim 16,
wherei n said second silicon oxide |layer is deposited using PECVD
processing, at a tenperature between about 300 to 500C, to a thickness

bet ween about 6000 to 12000 Angstrons. 30. The nethod of claim 16,
wherein said chem cal nechanical polishing is performed using NH err] OH or

KOH silica slurry. 2/4 - 30 - - 31. A
MOSFET devi ce structure, on a sem conductor substrate, conprising:
field oxide regions on the surface of a sem conduct or substrate;

a device region between said field oxide regi ons}3 a polysilicon
gate structure on said sem conduct or subsPrate, in center of said

devi ce region; a pol & licon galt_F tTuqltélre on said field oxide
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regi on; source and drain regions in surface of said

sem.conduct or substrate, between said polysilicon gate structure, in
center of said device region, and said field oxide regions;

an insulator |ayer on said source and drain regi ons, on said

pol ysilicon gate structures, and on said field oxide regions;

contact holes in said insulator region, to top surface of said
polysilicon gate structure, in center of 4, said device region, and to
top surface of said source and drain region, filled with a metal plug;
a first level interconnect netallization structure, on said insulator
| ayer, and contacti ng underlyln? sald nmetal plug, in said contact

hol e; a narrOW/netaI B Jtructure, on said under | yi ng,
first level interconnect net |o st i ture;

- 31 - a conp |ns | af or r, with a a t opogr aphy,
filling spaces betmee n rrOM/nE aI vifd 1 strup]ure , d betmeen sai d
first |evel interconneqt
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metal lization structures, with top surface of said netal via structure,
exposed; and a second |l evel interconnect netallization structure,
on said planar, conposite insulator |ayer, and contacti ng underlying,
said netal via structure. 32. The MOSFET device structure of claim 31,
wherein said narrow netal via structure is an alum num based netal, wth
a hei ght between about 4000 to 10000 Angstrons, and a di aneter between
about 0.5 to 2.0 uM 33. The MOSFET dgni ce structure of claim31, wherein
said conposite insulator layer,-used to fill spaces between said narrow
metal via structures, and between said first |evel interconnect
metal | i zation structures, is cQg%osedLgf an under ¥ ngj @il icon oxide |ayer,
with a thickness between ab% t Q0tBo; SPRO Anggtz bistbp & iP1on gl ass

e ;

| ayer, with a thickness|$et gen| abgut 30001 1oa§§@0 Angstrops, ‘and an
r, Wth af thi¢gkn bet wae
i [¥]

overlying silicon1%fideklay apo 6000 to
13 \‘ ,NJ \ﬂ\ / I‘N 8 18
RN %%\ M| vy / 774 .

12000 Angstrons.
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