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THE | NVENTI ON This present invention relates to the

fabrication nmethods used to produce sem conductor devices, and nore
specifically to nethods used for form ng and passivating netal filled
vias, and planarizing using spin on gl gss, (SOG, chem cal nechani cal
polishing, (CMP), processes. (2) DESCRI PTI ON OF PRI OR ART

A maj or objective of the sem conﬁgﬁgﬁcﬁ PRkt B¥ch8RockBE8NusengONt i nual |y
I mprove devi ce performance while i mal nt ai ni ng, or decreasing, the

manuf acturing cost of the specific sgrmFmrdwahosTgbi p. This objective has
been, in part, realized by the trend to mcro-mniaturazation. The ability

to fabricate

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

This present invention relates to the fabrication
methods used to produce semiconductor devices, and more
specifically to methods used for forming and passivating metal
filled vias, and planarizing using spin on glass, (SOG), chemical

mechanical polishing, (CMP), processes.

(2) DESCRIPTION OF PRIOR ART

‘A major objective of the semiconductor industry has
been to continually improve device performance while still
maintaining, or decreasing, the manufacturing cost of the specific
semiconductor chip. This obj ective has been, in part, realized by
the trend to micro-miniaturazation. The ability to fabricate
semicorductor devices with sﬁb-mic;on features, has allowed both
the performance and cost objectives to be met. Smaller features
positively influence performance by decreasing parasitic
capacitances, as well as decreasing specific performance degrading

resistances. In addition micro-miniaturazation has resulted in a

>



sem conduct or devices with sub-mcron features, has allowed both the
performance and cost objectives to be net. Smaller features positively
i nfluence performance by decreasing parasitic capacitances, as well as
decreasi ng specific performance degrading resistances. In addition

m cro-mni aturazation has resulted in a

-2- decrease in chip size, thus enabling more chips to be placed on a
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exanpl e nor epseEEsingCabse @QDQSQF@CQﬁEErQhS_p,aS wel | as the devel opnent of
nore sensitive photoresist materials, have allowed sub-mcron inages to be

routinely created in photoresist materials. In addition simlar advances
in ani sotropic, dry etchiMicrr-adndiaesrizdtioa hasobeen tamcomplighedomy i mages
in photoresist to be successfully transferred to underlying sem conductor
mat eri al s. advances in several key semiconductor fabrication disciplines such-
as photolithography and reactive ion etching, (RIE). For example
more sophisticated exposure cameras, as well as the development of
more sensitive photoresist materials, have allowed sub-micron
images to be routinely created in photoresist materials. In
addicion similar advances in anisotropic, dry etching processes,
have allowed the sub-micron images in photoresist to be
Successfully transferred to underlying_semiconduccor materials.
However smaller features, such as ﬁarrower metal interconnect
lines, along with smaller spaces between interconnect lines, can
Tesult in difficulties in obtaining planar surfaces, which are
needed to create successful subsequent upper level wiring lines.
In addition to waintain the desired conductivity of the narrower
wetal lines, the height of the metal line has to be increased.
This results in a higher aspect ratio than for counterparts
fabricated with wider, thinner metal lines, again adding to the

Qifficulties in £illing the narrow spaces with insulator.

One method used by the semiconductor industry to £ill
narrow spaces, between metal lines, is a spin on glass, (SOG),

Process. Unlike more conventional insulator deposition processes.



However snaller features, such as narrower netal interconnect |ines, along:
w th snal | er spaces between interconnect lines, can result in difficulties
i n“obtai ning planar surfaces, which are needed to create successful
subsequent upper level wiring lines. In addition to maintain the desired
conductivity of the narrower netal |ines, the height of the netal |ine has
to be increased. This results in a kijher aspect ratio than for

counterparts fabricated with wi der, thinner netal.lines, ﬁ%ﬁi n addin to
the diffisuthias low préssung chemigak MRRSFaSeROREEHOR nsHEAVDY - OF P13

One net hod used by the sem conductor jndustr il narr S,

bet ween nefbancedcchemicad ¥BPAT ReRPSALON: SééFE%BS oc¥BETe Lﬁ%i@a‘%’g‘r e
conventional insul ator deposition processes. 3 . ;
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narr ow spaces, an yl ng subsequent planarazation techni ques,
results aFQgﬁgingaep&gr iqesr rédultshaspianan SsqmEphycat Poker 3xkh as

Kim et a in U S Pat
has shown SOG applications, such as Kim, et al, in U.S. Pat.
No. 5,354,713, as well as Fisher, et al, in U.S. Pat.
No. 4,917, .759. However these applications, although resulting in
the desired planarity, also result in the SOG layer being exposed
during subsequent metal depositions. The characteristics of the
SOG layer include outgassing of incorporated oxygen or moisture
during a hot metal deposition process. This outgassing, if
occurring near an existing metal structure or via, can result

in metal properties, such as increased resistivity, due to the

reaction with the SOG outgassing components.

This invention will describe a process for achieving
planar topographies, using a SOG process to f£ill narrow spaces
5etween metal via studs. Howe_vei: this invention will show SOG
planarization processes, and encapsulation techniques, used to
prevent SOG outgassing from adversely influencing existing metal
étructures during subsequent metal depositions, even depositions at

elevated temperatures, such as hot aluminum depositionms.



NO. 5,354,713, as well as Fisher, et al, in US. Pat. NO 4,917,.759.
However- these applications, although resulting in the desired planarity,
also result in the SOG | ayer being exposed during subsequent netal

depositions. The characteristics of the SOG |ayer include outgassing of
I ncor porated oxygen or noisture during a hot netal deposition process.
This outgassing, if occurring near an"ékrsting netal structure or via,

resul t

reaction with the SOG out gasssgMeRr O QRES INVENTION
wi || describe a process for achieving planar topographies, using a SOG

in metal properties, such as increased resistivity, due to the

process to fill narrow spaces between netal via studs. However this
invention will show SDSispbbhiheet oft bisks dnysessen, tamdecaamrsall aiaaftud
techniques, used to prevent SOG outgassing from adversely influencing
exi sting ‘T'f%t"é*te@?PBE?ﬁr‘&dQﬁ}WH% QVeFdiingenatali giovictlges, even

depositions at el evated tenperatures, such as hot alun1nun1dep03|t|ons.
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It is a%BW“B bq:ec-EH%fl z.s 1nvent1.on to use a SOG

layer, as part of the composzte insulator layer, between metal vza

studs, for purposes of supplyzng a planar topography.

It is still another object of this invention to
encapsulate most of the exposed SOG surface with a less porous
dielectric layer, prior to deposition of an overlying metallization
layer.

It is scill yet another object of this invention to
use a chemical mechanical polishing procedure to planarize the
composite insulator layer, and to expose the top surface of a metal

via stud.

In accordance with the present invention a method is -
described for fabricating semiconductor devices, exhibiting planar
metallization and insulation levels, via the use of insulator
composites, featuring SOG layers. A.first metal interconnect
structure, contacting underlying silicon device élements, is coated
with a metal layer. Photolithographic and reactive ion etching
processes are perfofmed to the metal layer to create a metal via
stud on the underlying first metal intercomnect structure. A thin

interlevel dielectric layer is deposited, conformally covering the

can

Thi s i nvention



It is object of this invention to use a netal via stud to interconnect
underlyi nhg and overlying netal structures. It is another
object of this invention to use a SOG |ayer, as part of the conposite

i nsul ator |ayer, between netal via studs, for purposes of supplying a

pl anar topography. It is still another object of this

I nvention to encapsul ate nost of the exposed SOG surface with a |l ess
porous dielectric layer, prior to deposi®ion of an overlying metallization

| ayer. ) It is _still yet _another ject of this invention to
use a cheMeEA: Wdenskidsd PoBPIRI SRy %éedzﬁg?o IR¥eR s, BerkedeRgshird t e

i I , ahd e th . f I i .

| aceor aSE 605, FRER,LSRGRRRRT wFah, Riftec i oadt Fidoser8n Fotting
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, nposites, featuring SOG

layers. . A ddgoyral ; al thi eSCRRRTe, iﬁey&amg,nr@rﬁo@:tﬂa@gﬁgpgﬁrﬁ g

silicon devicé e nts, is coated wth a netal |ayer. i t hogr aphi c
and react isubjiedtea! €bi 80balks GRAS IR AuLingrprocess ! Edrhpuipbaks! afer to

create a netal via stud on the underlying first netal 1 nterconnect
struct ur e densifying the SOG layer. Another dielectric layer is deposited on
the cured SOG layer followed by chemical mechanical polishing'to
completely planarize the structure, stopping at a point whgre the
top of the metal via seuds are exposed. Deposition of a metal
layer and a anti-reflective coatiﬁg layer are performed, followed

by photolithographic and reactive ion patterning, creating an

overlying second metal interconnect structure.

BRIEF DESCRIPTION OF THE DRAWINCS

The object and other advantages of this invention are
best described in the preferred embodiments with reference to the

attached drawings that include:

Figs. 1 ~ 2, which-schematically in cross-sectional
Style show the stages of fabrication prior to forming the metal via

stud.

Figs. 3 - 4, which schematically, in cross-sectional

Style, show the stages of formation of the metal via stud.



interlevel dielectric |ayer is deposited, conformally covering the

-5- -netal via studs. A spin on glass, (SO3, |ayer is next deposited on
the thin interlevel nmetal dielectric, for purposes of filling the spaces
between netal via studs, and creating a snoother topography. The
structure, including the SOG | ayer, i s~ fext subj ected to a bake out and
curing process, for purposes of densifying the SOG | ayer. Anot her,

dielectric layer is déigsi.tBd- dn whieh AFbeMasdCaLiyer IR FFRFRFIRFLOREN cal

mechani cal polishing to conpletely planayize the struciure, st ' at a
poi nt whefEYl@e Shayp the PRECPES agtagpg s st°a|c§eé>‘?50§eaiaﬁ{)ocsqpt%%%hgg¥‘a
netal layer and a anti-reflective coating |ayer are perforned, followed

by phot ol it hographic egact | ' abterRINg, Sheatbdy-fdbeidwall ving
second netal inter con?lsg%sr’s?r’ u{c'%‘g?ﬁe%hg 4 BRI EF 1'DESCRI PTI ON

O THE DRQUDES shows tne ormatibRCo®Rinesve i ms htaddyant agr stfucthre,
i nvention afe best é%scrl ed 1n the preferred enbodi nents with reference to

t he on a planar, underlying topography.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of forming a planar topography, using a SOG
layer to £ill the spaces between metal via studs, will be covered
in detail. This process can be used for the fabrication of metal
oxide semiconductor field effect transistors, (MOSFET), devices
that are currently being manufactured in industry, therefore only
the specific areas unique to understanding this invention will be

described in detail.

Fig. 1, shows a typical, N channel, (NFET), device,
where a process exhibiting a planar topography, via use of a SoG
layer, will be used to fabricate reliable interconnect
metallizations. A substrate, 1, composed of P type, single
crystalline silicon, with a <100> orientation, is used. A thick
field oxide, 2, (FOX), is formed surrounding the region where the
device will be built. Briefly the wethod used to produce the FOX
insulator is to create an oxidation mask of an overlying si,N,

layer, and an underlying S$iO, layer. Conventional



attached drawi ngs that include: Figs. 1 - 2, which
schematically in cross-sectional style show the stages of fabrication

pri or to formng the netal via stud. Figs. 3 - 4, which
schematically, in cross-sectional style, show the stages of formation of
the netal via stud. -1~ - 6-

Figs. 5 - 6, which schematically, in cross-sectional style, showthe
process st phetolitHodgrapiizaadaRpPE awocedsspsgarphysed to create the wESis. 7,
which schematically, in cross-sectional style, shows the formation of an
overlyi ng rehagel.i ZAftecanpBotarKesist, remval.plaadarzaremdeweyu ekeanspogha pFex
DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT The met hod of

fornmi ng a FegRHeR L8peEpanae 1nu§Pﬁgu’&"‘§@i§d'l BOBrdevies |1 9egindss pitd 2 bet ween

trrﬁ;é:c a\tl)lr ?c }tqegﬁhgj}lm %1[13? 0S ion iR an &d ox?ge%e t a'sltea{hétﬁb{)el&c,e At %a@eRSe&?&ﬂ— jor
between about 800 to 1000°C, to achieve FOX thickness between about
4000 to 7000 Angstroms. After removal of the oxidation masking
layers, hot phosphoric a¢id for the Si,N. layer and a buffered
hydrofluoric acid solution for the underlying SiO, layer, a thin
S$i0,, gate insulator, 3, is grown in an oxygen - steam ambient, at
a temperature between about 800 to 1000°C, to a thickness between
about 65 to 300 Angstroms. A layer of polysilicon is than
deposited, using LPCVD processing, at a 'temperat:ure between about
500 to 700°C, to a thickness between about 1500 to 4000 Angstroms.
The polysilicon is than doped via an ion implantation of _
phosphorous, at an energy between about 25 to 100 Kev., at a dose
between about 1E14 to 1E16 atoms/cm®. 'Another alternative is to
use a polycide gate structure, cbnsiéting of a tungsten silicide
layer, chemically vapor deﬁosited to a thickness between about 1500
to 2500 Angstroms, and capped with a chemically vapor deposited
polysilicon layer, at a thickness between about 500 to 1000
Angstroms. However for this invention the polysilicon gate
structure will be used. Photolithographic and anisotropic RIE
processes, using Cl, as an etchant, are used to create polysilicon
gate structures, 4, shown in Fig. 1. After photoresist removal,

using plasma oxygen ashing, and careful wet cleans, a blanket ion



oxi de sem conductor field effect transistors, (MOSFET), devices. that are
current!ly being manufactured in industry, therefore only the specific
areas unique to understanding this invention will be described in detail.
Fig. 1, shows a typical, N channel, (NFET), device, where a process

exhi biting a planar topography, via usegqQf a SOG layer, will be used to
fabricate reliable interconnect netallizations. A substrate, 1, conposed

of P type,‘_@1%91'&_1:16&&’%3%«13*%&,' %%ﬂng\é\phbsphdﬂ&ﬁ)? & i HHertiicQnati anused.
A thick field oxide, 2, {FOX), is formed surrounding the region where the
devi ce wi ldndrgybbietiveefir alsduty cheonethKbwsedtt a gosdubetwdrn ROYUtn3BLAL OF .
is to create an oxidation mask of an overlying Si[err]Nerr] layer, and an
under | yi n-GilEISr @komayfon’, Gmedesoi gngate lightly doped source and drain

7- photolithographic and Rl E processes are_used to crggte he mask _ shape.
After photRRBANE, Perplekt SHLWlSPACREr &) o4fsCTEReeFox THe FPATeFs 1S

oxygen - REARIRDEULALEESLIY ARRARRIY AobPYEE-Cartt b P00 ar ] C
to achi eveei':t é:t @&%eg; Bﬁ% eﬁ'roacbe%%ting, at a temperature between about
400 to 925°C, to a thickness between about 1000 to 4000 Angstroms,
followed by an anisotropic RIE procedure, using for example a
species'like CHF, as an etchant. A blanket-ion implantation step
is again performed, using arsenic, at an energy between about 30 to
100 Kev., at a dose between about 1E13 to 1E16 atoms/cm’, used
to create source and drain regions, 7, shown schematically in

Fig. 1.

Another composite layer of undoped, or doped silicon
oxide, 8, is deposited using PECVD, LPCVD, or atmospheric pressure:
chemical vapor deposition, (APCVD), processing, at a temperature
between about 400 to 700°C, to a thickness between about 8000 to
12000 Angstroms, followed by a chemical mechanical polishing
procedure, resulting in about 7000 Angstroms of a planar silicon
oxide layef, 8, remaining. A first via hole, 9, is opened in
composite silicon oxide layer, 8, to expose the surface of
polysilicon'gate sﬁructure; 4, or the surface of the source and
drain region, 7, using standafd photolithographic and RIE

procedures. For this invention the via-hole, 9, will be shown.



4000 to 7000 Angstronms. After renoval of the oxidation masking |ayers, hot
phosphoric acid for the Si[err]NJerr] layer and a buffered hydrofluoric
acid solution for the underlying Sierr] layer, athin Si(Jerr], gate
insulator, 3, is grown in an oxygen - steam anbient, at a tenperature

bet ween about 800 to 1000[err]C, to a thickness between about 65 to 300
Angst rons. A layer of polysilicon is than. deposited, using LPCVD
processing, at a tenperature between about 500 to 700[err]C, to a’

t hi cknessopetedaro dmlyt td5001y9iXidh Aaget soractufas 20! yphé i saledtindian
doped via an ion inplantation of phosphorous, at an energy between about
25 to 100RKE\procedurelems peefommed atsimg CEF4 29 amlétaitans/ cojfeer] .

Another alternative is to use a polycide gate structure, consisting of a

t ungst en BAPEeremisy apmva&hmmmlyshsgobymtaeqma«sm okirgemesshing ween
about 1500 to 2500 Angstrons, and capped W|th a chemcally vapor deposited
pol ysi | i CBFF"F%-?/%q' fQithx’e@hP&'kﬁé§%f‘b7et‘Wéeﬁ &89§: 806irstidevelngst rons.

However f s invention the ySi ate structure will be used.
Phot ol i t h L 45 QSFF@B“%A %he ?b% sle%"elug}eﬁgléalﬁé!:wndgaiéﬁf’

T CAter %‘é@?%?%%i%f R Lon) "' °¥ast%.?%§%ygéﬁ%§ihpﬁs? ‘e B e

cleans, arb{@pket ¢i¥inium m.tr:.de, followed by an r.f. deposited layer of

an aluminum - copper alloy. The aluminum - copper alloy is
deposited using r.f. sputtering, to a thickne.ss between about 4000
to 10000 Angstroms, with an overlying titanium nitride anti-
reflective, (ARC), layer. Again conventional photolithographic and
. RIE processing, dsing for example a Cl, etchant, are empléyed to
create first level metal structure, 10, shown in Fig. 2. Plasma
oxygen ashing, followed by careful wet cleans, are again used to
remove the photoresist image used to define first level metal

structure, 10.

A metallization layer, 1la, of tungsten, is next
deposited, via LPCVD processing, at a temperature between about 400
to 600°C, to a thickness between about 4000 to 12000 Angstroms.
Metallization layer, lla, can also ke any metallization that when
‘Patterned using RIE processing, allows a RIE etch stop, of
differences in RIE removal rates to exist between the metal and the
underlying titanium nitride, ARC léYer, Or the undexlying silicon

oxide layer. Photolithographic procedures are next employed to



-8- inplantation is perfornmed, using phosphorous or arsenic, at an energy
bet ween ‘about 30 to 100 Kev., at a dose between about 1E12 to 1E13
atons/cnierr], used to creat e lightly doped source and drain regions, 5.
Next sidewall|l spacer, 6, is created. The spacer is obtained by initially
depositing a layer of silicon oxide, via either PECVYD or LPCVD processing,
at a tenperature between about 400 to 925[err]C, to a thickness between
about 1000 to 4000 Angstrons, followed g -an ani sotropic RIE procedure,
using for exanple a species |ike CHF, as an etchant. A blanket ion

I npl antation step is again perfornmed, using arsenic, at an energy between
about 30 to 100 Kev., at a dose between about 1E13 to 1E16 atons/cn[err]
used to CFEEFEP§GGP€eSaﬁﬁ shapen ﬂ@gl@hgwn7scbﬁmﬁﬁﬂ@ﬂ%kﬁnﬁﬂ- Fd-.y3i-n Fig.

1. her conposite I undo silicon,
oxi de, 8, PhOBOFEELPE SRRy BecyBLChIvL %ﬁﬁshaﬁﬁ S apai®Via
chenical A n
Chem cal o Hl, RPN gt ASQ Bho B SEESSL IO LE! R EIRETAIES, HELATE!
Angst roms, il @se@n@yc&ga feheabe r‘&@%@t&eie%hm ﬁﬂus@ﬁoﬁsdébfé‘ate a via
resulting in about 7000 Angstrons of l'anar silico oxi de | ayer, 8,
remai ni ng. hdllel ERap¥iin @ €nsflatsr qrw&dmage Photoresist shape, 12, is
between about 0.4 to 3.0 uM, in diameter. Reactive ion etching,
using photoresist shape, 12, as a mask, is used to create metal via
stud, 11b. The RIE process is performed using Cl, as an etchant.
Metal via stud, 11b, is created to a diameter between about 0.4 to
- 3.0 uM, and between about 4000 to 12000 Angstroms in height, and is

shown schematically in Fig. 4, after photoresist removal using

plasma oxygen ashing and careful wet cleans.

A first interlevel dielectric layer, 13, of silicon
oxide, is deposited, using PECVD processing, at a temperature
between about 200 to 450°C, to a thickness between about 500 to
3000 Angstroms. The flrst interlevel dielectric layer, 13, will
be used to passivate and protect metal via stud 11b, from
subsequent processes and materials. However first interlevel
dielectric layer, 13, does not result in complete f£illing of the
spaces between metal via studs, 11b, and by itself can not produce
a planar topography for subsequent o&erlying metallization levels.
Therefore a layer of spin on glass, (SOG), 14, is applied, using
conventional coatihg'methods, to a thickness between about 3000 to

7000 Angstroms. The SOG layer, 14, is subjected to a bake out at



conposite silicon oxide layer, 8, to expose the surface of polysilicon
gate structure, 4, or the surface of the source and drain region, 7, using
standard photolithographic and RIE procedures. For this invention the via
hole, 9, will be shown . 9- opened
to only to polysilicon gate structure, 4. The selective, RIE procedure was
performed using CHF[err] as an etchant. "After photoresist renoval,

acconpl i sRe&eppegarugeabetesem abopgen 0ashong00s,oamss cukthpved Hy car ef ul
wet clean%: a first level netallization is performed. The first |evel

met al | i zat 1 ORCRayUEE DREWRRR APt 25028Re4567C/ £rar purpoiseank memdwidgwed
hyer ot SrozpfkEhet - valfiue ddempncitn Lot il dapins. afhesel o
16555 hooBEUEe shmyaRlid bl Al IHHIGE P R BB LR e
e e i e S T s ik
metal stradsor émpdPrafbophat feHd thetdl Yi&SSBuds, 11b, interface first
dielectric layer, 13, rather than interface the less dense SOG
layer, 14. A'second interleQel dielectric layer, 15, of silicon
oxide, is now deposited using PECVD processing, at a temperature
between about 200 to 450°C, to a thickness between about 6000 to
12000 Angstroms, also shown in Fig. 5. This layer is used to
completely fill the spaces between metal via studs, as well

as encapsulate most of the SOG layer, 14, to reduce the level of

outgassing form SOG layer, 14, during subsequent processing.

A critical chemical mechanical polishing, (CMP);
procedure is next used to create the desired surface planarity,
shown schematically in Fig. 6. The CMP process, using conventional
methods, is performed to a point in which the top surface of metal
via stud, 11b, is e#posed. If reactive ion etching procedures were
employed to etch back the insulator layers, to expose metal via
stud, 11b, evolution of volatile components from the exposed
portions of the SOG layer, 14, may react with the top surface of
metal via stud, 11b, possibly degrading the interface resistance

between metal via stud, 11b, and a subsequent overlying



oxygen ashing, followed by careful wet cleans, are again used to renove
the photoresist inmage used to define first level nmetal structure, 10.

A netallization layer, 1lla, of tungsten, is next deposited, via LPCVD
processing, at a tenperature between about 400 to 600[err]C, to a

t hi ckness between about 4000 to 12000_Apgstrons. Metallization |ayer, 1la,
can al so be any netallization that when patterned using Rl E processing,

allows a @eﬁaiégpag%ggﬁgﬁcgj -eferences in RIE renpval rates to exi st

bet ween the e under’lying titaniumnitride, ARC | ayer, or the
underlying silicon Oxide |ayer. Photolithographic procedures are next

enpl oyed to A barrier metallization gomposiﬁH)lﬁyer,fQGSI of
phot or esi st shape, 12, shown schematically in Fig. 3. Photoresist shape,

12, whi ch utiderlgdhgneitasimubstn@ethickhaess vbetweenicgbout 300med 1800 a

phot ol it hographic, step and repeat reticle, that is the conplenent of the

reticl e nangstirpmsseand ctitaeritim nitkride, at a thickness between about 200
to 1000 Angstroms, is deposited via r.f. sputtering procedures,
followed by the deposition of an aluminum based layer, 16b,
containing between about 0.5 to 2 ¥ copper, again using r.f.
sputtering, and to a thickness between about 4000 to 10000
Angstroms. Next another r.f. sputtered deposition of a titanium
nictride layer, 17, is performed for purposes of using this layer as
an anti-reflective coating for subsequent photolithographic
procedures. The titanium nitride layer, 17, is deposited to a
thickness between about 200 to 1000 Angstroms. The aluminum based
metallization can be performed at elevated temperatures, which
allows optimum metal characteristics, such as resistivity and
conformality, to be achieved. This is now possible since most of
SOG layer was not exposed during the deposition. Conventiocnal
photolithographic and RIE procedures, using for example, Cl, as an
etchant, are performed to create the second ievel metal structure,
consisting of the titanium nitride, anti reflective layer, 17, and
the underlying aluminum - copper layer, 16b, and barrier
layers, 16a. éhotoresist removal is again accomplished via plasma
oxygen ashing and icareful wet cleans. The resulting second level

metal structure is shown schematically in Fig. 7.



hol e shape in an insulator |ayer inmage. Photoresist shape, 12, is between
about 0.4 to 3.0 uM in dianeter. Reactive ion etching, using

phot oresi st shape, 12, as a nmask, is used to create netal via stud, |1b.
The RIE process is performed using Cl[err] as an etchant. Metal via stud,
|I'b, is created to a diameter between_apput 0.4 to 3.0 uM and between
about 4000 to 12000 Angstrons in height, and is shown schematl cally in-

Fig. 4, after photoresj,st renoval u S en ashi and.car.ef ul
wet cl eans. tnis PX9GSSS; G nl‘g?‘{‘g % %ﬁ%&; i te plange

silicon j LeSs It i t a '
bet ween agsgggaﬁgﬁ%%;%ﬁ err s(fl(jﬁ"lte(li)]&aEltE Ex%ﬁéggfﬁtim%%%ﬂab%ﬁé@%gh tsll‘UE’%C}OO
Angst r onsbeidgeappridd itd Ghl RVetartiell POCFET dévEte, tan Wel hppheedses 4 @
passivate and protect netal via stud, |1b, from subsequent processes and
mat er i al schaimeYer (PFED), idéwidesvel cotipeﬁ.nentaryj ayeN0s )13 defdbiese ,nor wesul t
in conplete filling of the spaces between netal via studs, |lb, and by
itsel f caBi€MOSpr (blipelam ICMOS) ,t dewgcephy for subsequent overlying
metallization |levels. Therefore a |ayer of spin on glass, (SO, 14, is

applied, using conventional coating nethqds, to a thlckness bet ween about
3000 to 7000 Angstror?ﬂ'lll:ﬁwéhSGGlP&?EF1°ﬁé¥‘a§ deepppartigularky phayHaRdat

described with reference 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 the spirit

and scope of this invention.

What is claimed is:



- 11 - a tenperature between about 100 to 200C, and curing, at a

t enperat ure between about 250 to 450C, for purpose of renoving

i ncorporated, volatile conponents fromthe SOG | ayer. These process
sequences, shown schematically in Fig. 5, indicate the near conplete
filling of the spaces between nmetal viggstuds, I1b. It is also inportant
that the netal via studs, |Ilb, interface first dielectric |ayer, .13,

rather than i nher hageehBa kSESrasRaSTY d Waimep feviciesand [ nier| evel

dielectric layer, 15, o Icon oxide,” is now deposited using PECVD

processing, at semie6REnsLoECsubstRes), ailiig 0@pin $e0aaskC, to a
t hi ckness between about 6000 to 12000 Angstrons, also shown in Fig. 5.

This layer is desdlatorgoas! paet yof id |cdipossitarc dngvdiages Bot gilyi a st uds,
as well as encapsul ate nost of the SOG | ayer, 14, to reduce the |evel of
out gassi ng f or th&808phagebetéden duetaly i smde Bt ructteesi, Nngomprising

A critical chem cal nechanical polishing, (CW), procedure is next used to
create the deskhedstepsacE:planarity, shown schematically in Fig. 6. The
CMP process, using conventional nethods, is perfornmed to a point in which
the top surface of nePRPVIGiRg SthR) elementss ofy saddd MOSFETdevigeii on

etching procedures meégpositing a first insulator layer on said

semiconductor substrate, including on said elements of
said MOSFET device;

opening a via hole in said first insulator
layer, to expose top surface of said element of said
MOSFET device;

deposition of a first metallization layer, in
said via hole, ihcluding deposition on exposed
top surface, of said element of said MbSFET device, and
on surface of said first insulator layer;

patterning of said first metallization layer to
form first level metal structure, and providing contact
to said element of said MOSFET device} |

deposition of a second metallization layer on
said first level metal structure, and on top surface of
said first insulator layer, not covered by said_firét

level metal structure;

* c L A S * .



enpl oyed to etch back the insulator |ayers, to expose netal via stud, |1b,
evol uti.on of volatile conponents fromthe exposed portions of the SOG
|'ayer, 14, may react with the top surface of netal via stud, 11b, possibly
degrading the interface resistance between netal via stud, |1b, and a
subsequent overlying - 15 -~ - 12 -
nmetallization structure. A barrier netallization conposite

| ayer, 16a, of —underl\yng diliag 4@ séidaséééﬁélirc‘:gééa %%rﬁ er’Qh L0

1000 Angstronms, and titaniumnitride, at at ness about 200 to

1000 Angstroms, fdrwlepael edavisgul brraptuiar bAJLHp 058EEE&S of T Ol | oved by
the deposition of an alum num based | ayer, 16b, containing between about

0.5 to 2 % coppamdexgating!Faid Eikst ITpuelenetgl ePtudturedhi ckness between
about 4000 to 10000 Angstroms. Next another r.f. sputtered deposition of a

titanium nitride | ayetepdsitiion pérhofirdtf bntenilevsksdidlestmigcthis | ayer
as an anti-reflective coating for subsequent photolithographic
procedures. The kayemianmexiposede suxfares19f saidepetal cdia cstud
structure, as well as on exposed surfaces of said first
level metal structure, and on said first insulator
layer, not covered by said first.level metal structure;
application of said spin on glass layer on said
first interlevel dielectric layer, partially £filling
spaces between said metal via stud structures;
heat treating 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 £illing
spaces between said metal via stud structures;
chemical mgchanical polishing to expose the top
surface of séid metal via stud structures, and
planarizing, the surfacé of exposed said first
interlevel dielectric layer, the surface of exposed
said spin on glass layer, and the surface of exposed
said second interlevel dielectric layef, in spaces

between said wmetal via stud structures;

A



t hi ckness between about 200 to 1000 ‘Angstrons. The al um num based

metal'l irzati on can be perforned at elevated tenperatures, which allows
opti mum netal characteristics, such as resistivity and confornmality, to be
achieved. This is now possible since nost of SOG |ayer was not exposed
during the deposition. Conventional photolithographic and R E procedures,
using for exanple, Cl[err] as an etchant, are performed to create the
second | evel netal structure, consisting of the titaniumnitride, anti
reflective layer, 17, .and ,the ungderlying al um num - copper |ayer, 16b, and
barrier layers, 16a. IPRSFLFER QL 3 e taddi iz akdepnpBlaysFed o a pl asma

oxygen ashing and careful wet cleans., The resulting second |evel netal
structure is shm°§8§eﬁﬁ¥’i%‘éﬁc§pq Pirisfid metal via structure, |

Eo;gg;aphi es foPnsﬁﬁggglﬁén&%?e%squgqsi@%%%ﬁdéyﬁﬁﬁghcgﬁgm pLgPﬁg
(B2ery G el SURBREATREI U R B R BB L
CMX5), device. glass layer, ‘and on exposed surface of said second
interlevel dielectric layer;
deposition of a anti-reflective layer on said
third metallization layer; and
patterning of said anti-reflectiwve layer,
and said third metallization layer, to form second
level metal structure, overlying said metal via stud

structure.

2. The method of claim 1, wherein said first
metallization layer is aluminum, containing between
about 0.5 to 2.0 % copper, and between about 0.5 to 1 %
silicon, deposited using r.f. sputtering, to a

thickness between about 4000 to 10000 Angstroms.

3. The method of claim 1, whexein said second
metallization layer is tungsten, deposited using LPCVD

processing, at a temperature between about 400 to

600°C, to a thickness between about 4000 to 12000

Angstroms.

R R



VWhile this invention 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 details may be
made wi thout departing fromthe spirit- and scope of this invention.

What is clained is: - 14 - 1. A nethod for
fabricating a MOSFET device on a sem conductor substrate, using a spin on
glass insulator, as part of a conpesite-insulator, to fill the space

bet ween netal via stud structures, conprising the steps of:
4. The method of claim 1, wherein said metal via stud

structures are formed via reactive ion etching, using
Cl, as an etchant, wherein said metal via stud
structure has a diameter between about 0.4 to 3.0 uM,

and a height between about 4000 to 12000 Angstroms.

5. The method of claim 1, wherein said first interlevel
dielectric layer is silicon oxide, deposited using
PECVD processing, at a temperature between about 200 to
450°C, to a thickness between about 500 t;o 3000

Angstroms.

6. The method of claim 1, wherein said spin on glass
layer is applied at a temperature between about 20 to
25°C, to a thickness between about 3000 to 7000

Angstroms.

7. The method of cIaim'i, wherein said spin on glass is
baked at a temperature between about 100 to 200%; for
a time between about 10 to 50 min., using hot plates,
and cured using conventional ovens, at a temperature

between about 250 to 450°C.

I
ey



providing the elenents of said MOSFET devi ce; depositing a first
i nsul'ator |ayer on said sem conductor substrate, including on said

el enents of said MOSFET devi ce; opening a.via hole in said first
insulator layer, to expose top surface of said elenent of said MOSPET
devi ce; deposition of a first netallization layer, in said via

hol e, including deposition on exposed top surface, of said elenent of said
MOSFET device, and on surface of said¥iTst insulator |ayer;
patterning of said first netallization layer to formfirst |evel netal

structure, and RQr oy di tact + 1.0 sai I nt _qf: sai d FET devi ce;
deposi tion of agée'g%%d'g%%ﬁ%%?fzaﬁa&% Is'l'dyg'rh%gﬁr{ensﬁa df PPSPPevel et al
structure, and gacboPedel§dLdl fderidithyds Sls 119U ALET gePBEiERYET ed
by said first level netal structure;

using PECVb_processing, at a temperature between about
200 to 450°C, to a thickness between about 6000 to

12000 Angstroms.

9. The method of claim 1, wherein said chemical
mechanical polishing is performed using

a silica slurxy.

I
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- 15 - patterning of said second netallization |layer to formneta
via stud structure on top surface of underlying said first |evel netal
structures; deposition of a first interlevel dielectric |ayer on
exposed surfaces of said netal via stud structure, as well as on exposed
surfaces of said first Ievel netal structure and on said first insulator
| ayer, not covered by said first |evell vetal structure; application

of Sald Shin oMol A Snd ey Ak Fticheinh aWBEREYRePRELocH g Taver,

partially filling ‘spaces en sai ttUres;

heat trealing sgii SHducib0lstbBeraXe]: vith a

gl ass | ayer; deposi tion of a segénd |nP15#ét£?e§ e?gbﬁ% ﬂ% ayer on.
said spin on glmgsudBMLra éﬁi'ﬁ)'dii sk, | hgngargpggeg @&hﬁ\@gﬂ_éal d metal via.
stud structures; chem cal mechani cal polishing to expose the top

surface of SaJChﬂ!ﬁfﬂtdﬁﬁiﬁﬁlﬁili[B@GbBSEBet&Edn Reeanrvangcud he surface of
exposed said first interlevel dielectric layer, the surface of exposed

sai d spin on glstsudtuxas, auhpriisiogr theesteépsxpbsed

providing a polysilicon gate structure, of.a
said MOSFET device;

depositing a first insulator layer on said
semiconductor substrate, including deposition on said
polysilicon gate structure;

opening a via hole in said first insulator layer
to expose top surface of said polysilicon gate
structure; .

depoéition of a2 aluminum based, first
metallization layer, in said via hole, including
déposition on exposed top surface of said polysilicon
gate structure, and on surface of said first insulator
layer;

patterning of said aluminum based, first
metallization layer to form first level, aluminum based’
metal structure;

deposition of a second metallization layer on
said first level, aluminum based metal structure, and
on said first insulator layer, not covered by said

first level, aluminum based metal structure;

I



said second interlevel dielectric |ayer, in spaces between said netal via
stud structures; ' - 16 - deposi tion of
athird netallization |layer, on exposed top surface of said netal via
structure, on exposed surface of said first interlevel dielectric |ayer,
on exposed surface of said spin on glaZ&- ayer, and on exposed surface of
said second interlevel dielectric |ayer; deposition of a.

anti-reflective | ayaitredniagdost Baid é@é@z‘xchi-ié’&éﬁ‘iéﬁﬁri lﬁf@ﬁjﬁ 5% ati on

patterning of said anti-reflective layer, and said Ird
| ayer, to for mésgeordmekaleviaesthd SEEHEttLe &Yetf?'iéiﬁrfaﬂéi dielsdliavi a stud

structure. 2. The nethod of claim1l1l, wherein said first netallization
| ayer is al un fimstcdeveilni ajunénwedmsedquetdl Sstmudtyrep copper, and
bet ween about 0.5 to 1 %
deposition of a f£irst silicon oxide
interlevel layer on exposed surfaces of said metal via
stud structures, as well as on exposed surfaces of said
first level, aluminum based metal structure, and on |
said first insulator layer, not covered by said first
level, aluminum based metal structure;
application of said spin on glass layer on said
first silicon oxide interlevel layer, partially £illing
spaces between. said metal wvia stud structures;
heat treating 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 £illing
spaces between said metal via stud structures;
chemical mechanical polishing to expose top
surface of said metal via stud structures, while
planarizing surface of exposed said first silicon oxide
interlevel layer, surface of exposed said spin on glass
layer, and surface of exposed said second silicon oxide

interlevel layer, in spaces between said metal via stud

- structures;

A



silicon, deposited using r.f. sputtering, to a thickness between about
4000 to 10000 Angstrons. 3. The method of claim11, wherein said second
netal lization layer is tungsten, deposited using LPCVD processing, at a

t enperature between about 400 to 600C, to a thickness between about 4000
to 12000 Angstrons. : ' - 17 - 4. The nethod
of claim1, wherein said metal via studl Structures are formed via reactive

i on etching, using i s Qﬁghgwﬁﬂgr | ai al via stud

structure has a diang%%ég:%¥hee%ﬂ%§%§t . 0 §§%£ﬂ§1 ggggaa hei ght bet ween

about 4000 to ; f.£lal , eLpl,q said
w0 Al Tayer n rs%}f%é’.%g gul v19°5eL8

first interle ayer 1s silicon oxi eposited using PECVD

processing, algtinictiiid,AldHE i itRe e Ed 2K tSurface of said first

silicon oxide interlevel layer, on the exposed top
surface of the spin on glass layer, and on the exposed
top surface of said second silicon oxide interlevel
layer;

deposition of an anti-reflective layer on said
aluminum based, third wetallization layer; and

patterning of said anti-reflective layer, and of
said aluminum based, third metallization iayer, to form

second level aluminum based metal structure.

11. The method of claim 10, wherein said aluminum
based, first metallization layer, is deposited using
r.£. sputtering, to a thickness between about 6000 to
10000 Angstroms, containing between about 0.5 to 2 %

copper, and between about 0.5 to 1 % silicon.

12. The method of claim 10, wherein said second
metallization layer is tungsten,.deposited using LPCVD
processing, at a temperature between about 400 to
600°C, to a thickness between about 4000 to 12000

Angstroms.

-
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450C, to a thickness between about 500 to 3000 Angstrons.

6. The net hod

of- claim1, wherein said spin on glass layer is applied at a tenperature
bet ween about 20 to 25[err]C, to a thickness between about 3000 to 7000

Angst rons.

7. The nethod of claim1l, wherein said spin on glass is

baked

at a tenperature between about 100 to 200[err]C, for a time between about

10 to 50 min., using hot plates, and-<®@2ed using conventional ovens,
t emperat ure , '
8. IRe Fhenmetbrdcpfi slaimwhes ewhergin saddnoetadt srlaestiud

dielectric layer is silicon oxide, deposited  using PECVD processing,
t enper at ur e BETWEEHT8S0are Zogmed ¥SARI FBAGLLNECHOBs etichingen usiogt 6000

to

18 -

bet ween about 250 to 450[err]C

Cl, as an etchant, wherein said metal wvia stud
structure has a diameter between about 0.4 to 3.0 uM,

and a height between about 4000 to 12000 Angstroms.

14. The method of claim 10, wherein said first silicon
oxide interlevel layer is deposited using PECVD
processing, at a temperature between about 200 to

450°C, to a thickness between about 500 to 3000

Angstroms.

15. The method of claim 10, wherein said spin on glass
layer is applied at a temperature between about 20 to

25°C, to a thickness between 3000 to 7000 Angstroms.

16. The method of claim 10, wherein said spin on glass
layer is baked at a temperature between 100 to 200°C,
for a time between about 10 to 50 mins., using hot

plates, and cured using conventional oven processing,

at a temperature between about 250 to 450°C.

17. The method of claim 10, wherein said second silicon
oxide interlevel layer is deposited using PECVD
processing, at a temperature between about 200 to

450°C, to a thickness between about 6000 to 12000

Angstroms.

* [ 4 L M s *
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12000 Angstrons. 9. The nethod of claim1, wherein said chem cal
mechani cal polishing is performed using a silica slurry.

- 19 - 10. A nethod for fabricating a MOSFET device, on a sen conductor
substrate, with a planarized topography, by using a spin on glass, as part

of a conposite insulator, to fill spaces between netal via stud
structures, conprising the steps of: _ 23 - providing a polysilicon gate
structure, of .a _said MOSEET deyi ge; depositing a first insulator
| ayer on sai 8- sgﬁﬁcyﬁ&EGFonsG iR, Wﬁﬁqﬁ$4ufﬁkﬁ) e®igirlon sai d

ponS|I|con stru tur e vig hole in said first
i nsul at or & pE§§1€Bﬂn§UFﬁaE§r%Pﬁi§aj%ﬁﬂ%&n|icon gate structure;
dep03|t|on OL gli T Al g&based first '

19. The wmethod of claim 10, wherein said aluminum
based, third metallization layer, is deposited using
r.£f. sputtering, at a temperature between about 22 to
550°C, to a thickness between about 4000 to 10000
Angsﬁroms, containing between about 0.5 to 2.0 %

copper.

I
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metal lization layer, in said via hole, including deposition on exposed top
surface of said polysilicon gate structure, and on surface of said first

i nsul ator | ayer; patterning of said alum num based, first

metal lization layer to formfirst |level, alum numbased netal structure;
deposition of a second netallization Iayeﬂ40n said first level, aluninum
based net al s ucture and on said first insulator |ayer, not covered by

said first A MOSRET. deyisa) staMatuse, uqamesising:
- 20 - pattern| f. said second netal lization layer to forma netal
via stud structure o%qteg;ﬁi egrons @ fhhesisurfate of tari num based

03|t|on of a first silicon oxide interlevel

‘metal structurg; .
| ayer on expo§§El§ﬁpﬁ&95? 5 SF3rEFal via stud structures, as well as on

exposed surf.aces of saEp first Leveg al um num based netal structure, and
on evice regidn between said field oxide

regions;

a polysilicon gate structure on said substrate
in center of said device region, and polysilicon gate
structures on said field oxide regions;

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

an insulator spacer located on the sides of said
polysilicon gate structure;
| a first insulator layer on said polysilicon gate
Structures, on said field oxide regions, and said
source and drain regions;

a via hole in said first insulator layer, opened
to an underlying said polysilicon gate structure;

a first level metal structure, filling said
via hole, also overlappiné said via hole and residing
cn said first insulator layer;

a metal via stud structure, on underlying said

first lewvel metal structure;

* [ L M S *



said first insulator layer, not covered by said first I|evel, aluninum

based netal structure; application of said spin on glass |ayer on
said first silicon oxide interlevel layer, partially filling spaces

bet ween said netal via stud structures; heat treating said spin on
gl ass | ayer; curing of said spim28m gl ass | ayer; deposition
of a second silicon_ogxide interlevel layer on said spin on glass |ayer,
conpletely filling PEARAE: YARIERAIPREi (SREPS LR %xe;ﬁegt:m@t dh3er,

ohem oal Teedoacidk S o ERGeka LI aco ol sabd etal vi siud
of exposed S2E5RE BERYRER Nafi BPEEL “Fid ARk iShdenuren, Lpadke between
deposi i on SPUSALHE MM 1aswlacor layer in regions where
said first insulator layer is not covered by said
first level metal structure;
a second level metal Structure, contacting tap
surface of said metal via stud structure, and residing

on planar, said composite dielectric iayer.

21. The MOSFET device structure of claim 20, wherein
said planar composite dielectric layer, between metal
via stud structures, is composed of: an underlying
first layer of silicon oxide, interfacing said metal
via stud structure, deposited using PECVD processing,
to a thickness between about 500 to 3000 Angstroms; a
spin on glass layer, interfacing said first layer of
silicon oxide, applied to a thickness between about
3000 to 7000 Angstroms; and second layer of silicon
oxide, overlying said spin on glass layer, deposited
using PECVD processing, to a thickness between about

6000 to 12000 Angstroms.

T



metal | ization layer on top surface of netal via stud structure, and on the
exposed top surface of said first silicon oxide interlevel |ayer, on the
exposed top surface of the spin on glass layer, and on the exposed top

surface of said second silicon oxide interlevel layer; - deposition
of an anti-reflective layer on said alum num based, third netallization
| ayer; and patterning of said anti?&eflective layer, and of said

al um num based, ird netal lization |gyer, to form second |evel alum num
based net al strug}ur &he “ﬁh"ﬁﬁé’fn&]ﬁ'}@ O clvheReiRn S@ict anetahivial sERdum

based, first metgllization |ayer, is depaqsited ysin r.f. sputtering, to a
t hi ckness bet wee%lt (S%turﬁ)dtf HISESEh M?‘sg\laoﬁtjj:ar@%?ﬂ%ibﬁt%e%tmtabout
0.5to 2 % copper, d bet n _about ,0..5.to0.1 %silicon. 12. The net hod
of claim 10, whe‘rae'fln% 340 n(fn%g& A9ighh BsFYesnahaut (#RG e 12000
deposi ted using ?‘E@é@r ocessing, at a tenperature between about 400 to
600[err]C, to a EKACSS ‘bet ween about 4000 to 12000 Angst rons.

g



- 22 - 13. The nethod of claim 10, wherein said netal via stud
structures are formed using reactive i.on-etching, using Cl[err] as an
etchant, wherein said netal via stud structure has a di aneter between
about 0.4 to 3.0 uM and a hei ght between about 4000 to 12000 Angstrons.
14. The method of claim 10, wherein said first silicon oxi de interlevel
| ayer is deposited using PECVD processgmg, at a tenperature between about
200 to 450[err]C, to a thickness b @pout 500 to 3000 Angstrons.
15. The ngihaqd of cl aj oce il kn S Qpars glass layer is applied
at a tenp e st —t 0 a thickness between
3000 to 7000 Angstron® protessThas Béd® dedfeldptidni0 r gi id spin on
gl ass | ayer is baked ag[. a tenperature bet We(aep’r?dln&(l)i t"’g\i%o?!érg??g' for a
time bet WEehChlfNRl meuadlications, ame npeibtto fabatieateaBemEbRGuEEHAY
conventiq&al.oven processi ng,

, €Vices. The process features initially forming tall, narrow

metal via stud structures, and_filling,the spaces between the.
metal via stud strucéures with a planarizing layer of a composite
dielectric, which includes a spin on glass layer. The composite
dielectric was deposited by initially using a non-porous, silicon
oxide layer, followed by the planarizing sﬁin on glass layer.

Therefore metal via £ills will interface the non-porous, silicon

oxide layer.

( FIGURE 1 IS SUGGESTED FOR PUBLICATION)



at a tenperature between about 250 to 450[err]C.  17. The nmethod of claim
10, wherein said second silicon oxide interlevel |ayer is deposited using
. PECVD processing, at a tenperature between about 200 to 450[err]C, to a
t hi ckness between about 6000 to 12000 Angstrons.

- 23 - 18. The nethod of claim 10, wherein said chem cal- nechani cal
polishing is perforned using a silica slurry. 19. The nethod of claim
10, wherein said alum num based, third netallization |layer, is deposited
using r.f. sputtering, at a tenperaturé/betmeen about 22 to 550[err]C, to
a thickness between about 4000 to 10000 Angstrons, containing between .
about 0.5 to 2.0 % copper.
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- 24 - 20. A MOSFET device structure, conprising: field oxide
regi.ons on the surface of a seni conductor substrate; a device
regi on between said field oxide regions; . a polysilicon gate
structure on said substrate in center of said device region, and
polysilicon gate structures on said field oxide regions; source
and drain regions in the surface of said substrate, between said field
oxi de region and said polysilicon gate structure; an insul at or
spacer | ocated on the sides of said ;ﬁ?éﬁilicon gate structure;. a
first insulator layer on said polysiliton gate structures, on said field
oxi de regions, and said source and drain regions; a via hole in
said first insulator |ayer, opened to an underlying said polysilicon gate
structure; a first levd2netal structure, filling said vi2 hol e,

al so overlapping said via h )pnd resi di ng
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on said first insulator |ayer; a netal via stud structure, on
underlying said first level nmetal structure;

.- 25 - a planar topography, conposite dielectric |ayer, covering
said first level nmetal structure, filling the spaces between said netal
via stud strdctures, and covering said first insulator layer in regions
where said first insulator |ayer is ngtsg covered by said first level netal
structure; ' a second |l evel netal structure, contacting top
surface of said netal via stud structure, and residing on planar, said
conposite dielectric |ayer. 21. The MOSFET device structure of claim 20,
wherein said planar conposite dielec Eic H yer, between netal qvijg stud
structures, is conposed of._an underl yivng irstS ayenq @f sili oxi de,
interfacing said netal ucffure, \depo$i ted wysi PECVI
processing, to a thiclkwe d 500 t0}3000 gs ne
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spin on glass layer, interfacing said first layer of silicon oxide,
applied to a thickness between about 3000 to 7000 Angstrons; and second

- lrayer of silicon oxide, overlying said spin-on glass |ayer, deposited
usi ng PECVD processing, to a thickness between about 6000 to 12000
Angstrons. - 26 - 22. The method of claim
20, wherein said netal via stud structure is tungsten, with a dianeter

bet ween about 0.4 to 3.0 uM and a h%bght bet ween about 4000 to 12000
Angst rons. ‘
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