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NON-.ETCH BACK SOG PROCESS FOR HOT ALUM%M) ¥6
METALL1 ZATI ONS BACKGROUND OF THE | NVENPON mpyl)
FI ELD OF THE | NVENTI ON This present invention relates to the

fabrication nmethods used to produce sem conductor devices, and nore
specifically to nmethods used for planarizing devices using spin on glass,
(SOG, chem cal nechanical polishing, (CwW), and hot deposition of

al um num al l oy netal i zati on. (2) DESCRI PTI ON OF PRI OR ART
A maj or objective of the sem conductor industry has been to continually
| mprove device performance while still maintaining, or decreasing, the

manuf acturing cost of the specifi6nN-ETCH BACK SOG PROCESS FOR

HOT ALUMINUM METALLIZATIONS

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 planarizing devices using spin on
glass, (SOG), chemical mechanical polishing, (CMP}, and hot

deposition of aluminum alloy metallization.

(2) DESCRIPTION OF PRIOR ART

A major objective of the semiconductor industry has
been to continually improve device performance while still
maintaining, or decreasirg, the manufacturing cost of the specific
semiconductor chip. This objective has been, in part, realized by
the trend to micro-miniaturazation. The ability to fabricate
semiconductor devices with sub-micron 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



sem conductor chip. This objective has been, in part, realized by the
tfend to mcro-miniaturazation. The ability to fabricate sem conductor
devices with sub-mcron features, has all owed both the performance and
cost objectives to be net. Smaller features positively influence
performance by decreasing parasitic capacitances, as well as decreasing
speci fic performance degrading -2 -

-2- resistances, ln addition.mcro-m.niaturazation h '

decrease in ERPHSEEES th agﬁ};tg’r?%5’1%?’em¥?ﬁa§¥r?6a%%%pFgg;qdé %ﬁ'tga g‘oeaci fic
size, startigdcPéddeL QR SHNS 1368, cAIWRnEETIY BBk Nehigd 06656 Ip1@ceasdn bor a
specific chip. M cro-mini aturi zati on has been acconpl i shed
by advances speciiivesdkzek eyt mmriingosiilicton stiagrratat,i ohusli siusingethasuch as
photol i thography and reactive ion etching, (RIE). For exanple nore

sophi sti cat eBreseRsinde cearefer 2 §eeoklic £8iPhe devel opnent of nore
sensitive photoresist materials, have allowed sub-mcron imges to be

routinely created in pho&£€§§ﬂﬁ¥higgﬁ§¥4§yi%h Ai% been accomplished by
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
addition similar advances in anisotropic, dry etching processes,
have allowed the sub-micron images in photoresist to be
successfully transferred to underlying semiconductor materials.
However smaller features, such as narrower metal interconnect
lines, along with smaller spaces between interconnect lines, can
result in difficulties in obtaining planar surfaces, which are
needed to create successful subsequent upper level wiring lines.
In addition to maintain the desired conductivity of the narrower
metal 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

difficulties in filling the narrow spaces with insulator.

One method used by the semiconductor industry to fill

narrow spaces, between metal lines, is a spin on glass, (s0G) ,



addition simlar advances in anisotropic, dry etching processes. have

all owed the sub-nicron inages in photoresist to be successfully
transferred to underlying sem conductor materials. However snaller
features, such as narrower netal interconnect Ilines, along with smaller
spaces between interconnect lines, can result in difficulties in obtaining
pl anar surfaces, which are needed to create successful subsequent upper
level wiring lines. In addition to maintain_the desired conductivity of
the narrower nmnetal lines, the height of the netal line has to be

increased. TdWores8SUlynd ik ndrBi &iffend$fesl ihahlftdhagpditicaUsictieBses s
fabricated with wder, thinner netal |ines, again adding to the

di fficulties sucH akllowpréssua chemisEicespoy tbposiiiloat, o(LPCVD), or plasma
One nethod used by the sem conductor industry to fill narrow spaces,
bet ween met aleMafEed fhewicsdi HARPF §eRESit{®WOG)(PECVD), where conformal

AP R O S N R e A e ot
leaves a severe topography for subsequent wiring processes, the SOG
process fills these narrow spaces, and after applying subsequent
planarazation techniques, results a planar topography. Prior art
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 can result
in degraded aluminum 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 £ill narrow spaces
between metal lines. However this invention will show SOG
planarization processes, and encapsulation techniques, used to

prevent SOG outgassing during subsequent hot aluminum depositions.



enhanced chem cal vapor deposition, (PECVD), where conformal coverage of
the metal line with the deposited insulator still |eaves a severe

t opography for subsequent wiring processes, the SOG process fills these
narrow spaces, and after applying subsequent planarazation techni ques,
results a planar topography. Prior art has shown SOG applications, such as
Kim et al, in US. Pat. No. 5,354,713, as well as Fisher, et al, in US.
Pat. No. 4,917, .759. However these appligations, although resulting in
the desired planarity, also result in the SOG | ayer being exposed during
subsequent netal depositions. The characteristics of the SOG I ayer include

out gassi ng of incorporated oxygesuaamPiost ¢tg isnTiona hot net al
deposition process. This outgassing can result in degraded al um num net al

properties, such as increased resistivity, due to the reaction with the
SOG out gassi ng conponenfi§. is object of this Thyventiopeheiwst BN PTERVS | be a

process for achieving planar topographies, using a S rocess to fil
narrow space®POhRTSRAETF RENGI L9 FEES t*—&mé\?e? ??ﬁ’s‘qun\‘fé?clﬁ?%? \ﬁﬁ?‘?e SRS
pIanarizatioqnghgggéﬁgémlggguﬁncapsulation techni ques, used to prevent SOG
out gassi ng during su squent ot al um num deposi tions.

It is another object of this invention to use a SOG
layer, as part of the insulator composite, for purposes of

supplying 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, while encapsulating the remaining SOG surface

with a barrier, metal layer, prior to deposition of aluminum.

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 metallization pattern,
contacting underlying silicon device elements, is coated with an
organic, photo-sensitive material. Photolithographic patterning is
performed to create organic plug shapes on the first metallization
pattern. A thin interlevel metal dielectric is deposited,
conformally covering the organic plugs. A spin on glass, (S0G),

layer is next deposited on the thin interlevel metal dielectric,



-4- , SUWMMARY OF THE | NVENTI ON It is
object of this invention to use an organic photoresist plug for creation
of a desired via hole shape in an insulator conposite. I t
i s another object of this invention to use a SOG |ayer, as part of the

I nsul at or conposite, for purposes of supplying a planar topography.

It is still another object of this invention to encapsul ate nost of the
exposed SOG surface with a | ess porous diefectric layer, while

encapsul at i ngtdheurpoBes oty £S0G sqirdhac epadéd bebwdil 'drgani 68 Rigsl, aylis pri or
to deposition of alum num I n accordance with the present

i nvention a netgdddngsa steotcheberbpographhs i The istgustwieoidgdudingl dne c8eG
exhibiting planar npetallization and insulation |levels, via the use of

i nsul ator  cor¥&Sit &8, NP SHPY BTFES0E0| ayRake oAtk CUFAPg| PTOSESSont Pt t ef n,

purposes of densifying the SOG layer. Another insulator layer is
§§posited on the cured SOG layer followed by chemical mechanical
polishing to completely planarize the structure, stopping at a
point where the top of the organic plugs are exposed. The organic
plugs are then removed, resulting in a via hole, in the composite
dielectric, to the first metallization layer. A thin contact and
barrier layer is next deposited, followed by deposition aluminum.
Photolithographic and dry etching procedures are then employed to
pattern the aluminum - barrier layers, creating the second

metallization pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

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 organic

plug.

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

style, show the stages of formation of the organic plug.



contacfing underlying silicon device elenents, is coated with an organic,
phot o-sensitive material. Photolithographic patterning is perfornmed to
create organic plug shapes on the first netallization pattern. Athin
interlevel netal dielectric is deposited, conformally covering the organic
plugs. A spin on glass, (SOG, layer is pext deposited on the thin
interlevel netal dielectric,

-5- for purposes of filljng fhe spaces bhetween .organi, 3

creating a snoot her topoild'r%phé.' ‘ﬁs‘le"aﬂé’ﬁihéfﬁ?%a?ufﬁi?)ﬁdilﬁgg%ﬁgésséﬁjg%?%%/er,

i s next subjgched LRow rOHsAaHagsd ifaBdPE 98 are P plankH itpogTapiy .
densi fying the SOG [ayer.. Anot her I nsulator [ayer is deposited on the
cured SOG | ayer followed by chem cal mechani cal polishing to conpletely
pl anari ze the structure,Figisoppi ng.avhich spbematighdiy, timecrops vfecthendk gani c
pl ugs are exposed. The organic  plugs are then renoved, resulting in a via
hol e, in theStOfposhes theyforBaEionr o gnt feenlyiag PRAAILLZIEATHRY dyer. A
thin contact gu%r ba ré@n Ia¥§r h§ next deposited, followed by deposition
al um num otoli th %réﬁﬁ%& Y F?yétching procedures are then enpl oyed
to

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of forming a planar topography, using a SOG
layer to f£ill the spaces between metal vias, 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 method used to produce the FOX
insulator is to create an oxidation mask of an overlying Si,N,

layer, and an underlying Si0, layer. Conventional



pattern the alum num- barrier layers, creating the second metal lization
pattern. BRI EF DESCRI PTI ON OF THE DRAW NGS

The object and ot her advantages of this invention are best described in
the preferred enbodi ments with reference to the attached draw ngs that

I ncl ude: Figs. 1 - 2, which,schematically in cross-sectional
style show the stages of fabrication prior to formng the organic plug.

Figs. 3 - 4, i .schemati.cally,.Jn cross-sectional, style, showt
st gg es of fOrp\rgét%gﬁélg?gr[aﬁiusr%cxikésppﬁac_:esses. are used. to Xreate tge.ml'sqc
- 6- shape. F'&Eerggﬁo:@re\é’i‘é@ R eRGREMR AL d deruh MWt @38a36C khaNfdx

style, show the process ages used to create a planar topography.

Figs. 7 - 9, ndgioh $shermatedald \thel Onnasicat,Sachidddlce séyleans,skaw 4 he

formati on of an overlying netallization on a
thermal oxidation in an oxygen - steam ambient, at a temperature
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 acid for the Si,N, layer and a buffered
hydrofluoric acid solution for the underlying SiO, layer, a thin
$i0,, gate insulator, 3, is grown in an oxygen - steam ambient, at
a2 temperature between about 800 to 1000°C, to a thickness between
about 65 to 300 Angstroms. A layer of polysilicomn is than
deposited, using LPCVD processing, at a temperature 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 1El6 atoms/cm’. Another alternative is to
use a polycide gate structure, consisting of a tungsten silicide
layer, chemically vapor deposited 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



pl anar, underlyi ng topography. DESCRI PTI ON OF THE

PREFERFQED EVMBODI MVENTS The nmethod of form ng a planar
t opography, using a SOG layer to fill the spaces between netal vias, wll
be covered in detail. This process can be used for the fabrication of

nmetal oxide sem conductor field effect trgnsistors, (MOSFET), devices
that are currently being manufactured in industry, therefore only the

speC|f|c ar eas ue ,t o pynder st andj this .invention w be, cribed in
dotail. o TastatioR, {7 PRrEORtAL Soty RIRSPORE IR Ao PESTRIETAC Hbvi ce.

where a proceéﬁefgsglbgt&é&g a%OBL ol PR KRR NYar W aoé'é%&fwean%u;l ey eS|

will be used to ricate rellable interconnéct netallizations

substrate, 1, te@RIQsetoms/cht’ ! WBeusedl 1gl €reatiey SigHdliyndoped isoance \aintihdza il 00>
orientation, is used. Athick field oxide, 2, (FOX), is forned surrounding
t he region wheegianse 6adeviNextvsidewsdlhspacer,BFi eifs yreh'éedrret Hoe Spasgrtis

produce the X insulator i s.to create. an oxidatio sk of overl yi ng
Si[err]N err]‘% fained b énﬂ"’eﬁ'}aﬁhﬁéf 9RPSHG1Rg G AYET| esrrﬁlﬁﬁﬂ\f@f%

either PECVD or LPCVD processing, 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
spices 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', is used
to create source and drain regions, 6b, shown schematically in

Fig. 1.

Another composite layer of undoped, or doped silicon
oxide, 7, 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 5000 to
10000 Angstroms. A first via hole, 8, is opened in composite
silicon oxide layer, 7, to expose the surface of polysilicon gate
structure, 4, ér the surface of the source and drain region, 6b,
using standard photolithographic and RIE procedures. For this
invention the via hole, 8, will be shown opened to only to
polysilicon gate structure, 4. The selective, RIE procedure was

performed using CHF, as an etchant. After photoresist removal,



-7- photolithographic and RIE processes are used to create the mask
shape.’ After photoresist renoval, and careful wet cleans, the FOX region
is created in the unnasked, non-device regions, via a thernmal oxidation in
an oxygen - steam anbient, at a tenperature between about 800 to
1000[err]C, to achieve FOX thickness between about 4000 to 7000 Angstrons.
After renoval of the oxidation masking Té&érs, hot phosphoric acid for the

Si[err]NJerr] layer.  and a buffered_ hydrofluoric acid soluti?n gqgﬁ%ge
under|yi ng SPesoTRiiehed by sing g @lesh, oyges 3uindapeecess, FELPM Y n an

Oxygen - SUeRM A Sak cflone? § SIS AES RELS90. BN oT0R 8O0 ]

to a thickness ween ~apout ngstr pol ysilicon

i s than depesided.evidii R8LANIGYREPHR GRSS bBJcorfosddl SEPL i ex bEdyaseBrabout
500 to 700[err]C, to a thickness between about 1500 to 4000 Angstrons. The

pol ysili con k$tamiam edpeilde, £odhoved hymphant fit idepositepayphoebuay at an
energy between apout 25 to 100 Kev., at a dose between_about 1E14 to 1E16
at ons/ cn er r PLumiBither copresT Abl9Kre The pdumimum 5 GePRRL délepmtls depqfitere,

consisting of a tungsten sili.,cide_ _|ayer, chem.cally vapor | 1 a

t hi ckness bel#E%h ZafoufPYSHRF %8s S8 tiﬁﬁg??%ﬁ‘rg’,e%gﬁé“ c%gob“édg\gl\ﬁ)?\toaqgow
chem cally vapor deposited polysilicon |ayer, at a thickness between about
500 to 1000 angstroms. Again conventional photolithographic and RIE

processing, using for example a Cl, etchant, are employed to create
first level metal structure, 9, 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, 9.

Fig. 3, shows the application of another photo-
sensitive resist layer, 10, at a thickness between about 6000 to
12000 Angstroms. A critical exposure is next performed for
purposes of creating photoresist plug, 11, shown in Fig. 4.

The photoresist plug, 11, is treated, using u.v. baking, to allow
it to withstand subsequent high temperature processing, at
temperatures about 450°C. The photolithographic mask used to
Create photoresist plug, 11, is the compliment of the
photolithographic mask used in conventional via opening procedures.
A first interlevel dielectric layer, 12, 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.



Angstrons. However for this invention the polysilicon gate structure wll
be used. Photolithographic and anisotropic RIE processes, using C[err] as
an etchant, are used to create polysilicon gate structures, 4, shown in
Fig. 1. After photoresist renoval, using plasnma oxygen ashing, and careful
wet cl eans, a bl anket ion - 8-

I npl antation is perfornmed, using phosphorous or arsenic, at an energy

bet ween about 30 to 100 Kev., at a dose -bddween about 1E12 to 1E13
atons/cnferr], is used to create lightly doped source and drain regions,

6a. Next sidewal.l spacer.. 5, . reated. The s er | ‘glgb%' g\e%cp;é
initially deSIocsilfi H egaltgiyﬁrthc?? g‘i’? i%(‘:agﬁe&?uaree, l'?'\%l'l(ﬁ‘aam é?%%er E or’ L%CVD
processing, alvcidl QEPEIGHtdbE PSIpRRBrabY p1490 10 9FRbedsddeitiona _
t hi ckness between about 1000 to 4000 Angstrons, followed by an anisotropic
Rl E procedur eharacogrisyicsxefniliiesa impirtegel idieléttfier 1iyers damast cagukt A
bl anket ion inplantation step is again perforned, using arsenic, at an
energy bet wedm gpopiet30fiblingof Khe spates bagbseerh phorere SHiSsURLUIS) 338 PYF16
atons/cnferr], is used to create source and drain re%ions 6h, sthn
schenmat i Cally}qsﬁlf can not produce a planar topography for subsequent overlying
metallization levels. Therefore a layer of spin on glass, (SOG),
13, is applied, using conventional coating methods, to a thickness
between about 3000 to 7000 Angstroms. The SOG layer, 13, is
subjected to a bake out at a temperature between about 100 to
200°C, and curing, at a temperature between about 250 to 450°C, for
purpose of removing incorporated, volatile components from the SOG
layer. These process sequences, shown schematically in Fig. §5,
indicate the successful filling of the spaces between photoresist
plugs, 11. It is also important that the subsequent via
metallization, interface first dielectric layer, 12, rather than

interface the less dense SOG layer, 13.

A sec&ﬁd interlevel dielectric layer, 14, 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. A chemical mechanical polishing, (CMP}, procedure
is than used finalize the surface planarity, shown schematically in
Fig. 6. The CMP process, using conventional methods, is performed

to a point in which the top surface of photoresist plug, 11, is



Fig. 1, Anot her conposite |ayer of undoped, or doped silicon
oxide, 7, is deposited using PECVD, LPCVD, or atnospheric pressure

chem cal vapor deposition, (APCVD), processing, at a tenperature between
about 400 to 700[err]C, to a thickness between about 5000 to 10000
Angstrons. A first via hole, 8, is opened in conposite silicon oxide

| ayer, 7, to expose the surface of pol-ystl4con gate structure, 4, or the
surface of the source _and drain region usingvsta a

6b, | d
phot ol i t hogr S5RPEeEnd ARl E1F FEagar B PRGFOFSRISt PAYEH | rf‘ﬁ% via hole, 8,
i1l b h . i_L i
1 be SN BBt s ok LY SOOI MG el

sel ecti ve, as an efchant.

photoresi st EeDMMd by careful wet cleans, and a sputter clean, perfdmed in
acconpl i shed by using a plasm oxygen ashing process, followed by careful

wet cl eans, a ®eral depoelitimst alobl zafompurpopess fofr medovikige nativstodideel
netal lization may be conposed of a barrier layer of titaniumnitride,

fol lowed by &ROF.Yhe geptAde 8 figpsrlofelafecad GrHEHIte c8ppdiear tHyyalThe
al um num - CBRBEErégfs%ypiégfkngs%égﬁECS in the formation of the second via

hole, 15, shown in Fig. 7.

A contact and barrier metallization, 16, of titanium,
at a thickness between about 300 to 1000 Angstroms, and titanium
nitride, at a thickness between about 200 to 1000 Angstroms, is
deposited and shown in Fig. 8. Next a deposition of an aluminum -
copper layer, 17, is performed using r.f. sputtering, at a
temperature between about 22 to 550°C. The ability to perform the
aluminum based metallization at elevated temperatures, results in
the optimum metal characteristics, such as resistivity and
conformality. This was possible since no SOG layer was exposed at
the sidewall of the via. If the SOG layer was exposed during the
aluminum deposition, possible evolution of volatile components
could have occurred, deleteriously influencing the properties of
the aluminum metallurgy. In addition to the deposition of the
contact and barrier layer, 16, and the aluminum based metallurgy
layer, 17, a anti-reflective coating, (ARC}, for example a layer of
titanium nitride. 18, is also deposited using r.f. sputtering, to

a thickness between about 5000 to 10000 Angstroms. The ARC layer



using r.f. sputtering, to a thickness between about 6000 to 10000
Angstrons. Agai n conventional photolithographic and RIE processing, using
for exanple a Cl[err] etchant, are enployed to create first |evel netal
structure, 9, shown in Fig. 2. Plasma oxygen ashing, followed by careful
wet cleans, are again used to reane t he photoresist inmage used to define
first level netal structure, 9. - 12 - Fig. 3, shows the

appl i cati on :Elég%d&[]grrx %@rdng\n% S' o Xgéhosci %llxc?yr hi&OexsudebNES LSS

bet ween abou osur 1 S next

perforned fOoperfytma@ses c.%v@ﬁe@&dang aeeepm@g%apmdl&ndlmmduaea g. 4.
The photoresist plug, 11, is treateg using 0.v. baking, to allow it to

W t hst and subsiaguEdt énapleenPEr as Wit eRtharssiatg, péiforimedpes atneate EHEout
450[ err] C. The photolithographic mask used to create photoresist plug, 11,
i s the conpl $esand devehanetghosbRIGINGES amnscxsmagu %é‘d-tﬁﬁi‘e‘bmﬁéﬁtl%nal vi a
openi ng procedures Afirst inpterlevel <ﬁbeCt[|C la i1icon

oxide, is dEPEEINEY: CREBSY- PEEAT MM BEEEY Bitapi e?gYEﬁﬁfsﬁé ween
about 200 tperm[leié lafa1h BBt £5065 91 DS MRRT SBYh 208 dPan® W rerur

Angst rons.
wet cleans. The resulting second level metal structure is shown

schematically in Fig. 9.

This process of using a SOG layer to create planar
topographies for subsequent metallization levels, although shown
being applied to an N channel MOSFET device, can be applied to a P
channel, (PFET), device, a complimentary, (CMOS), device, or a

BiCMOS, (bipolar - CMOS), device.

While this invention has been particularly shown and
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:



- 10 - It is inperative that the tenperature remain bel ow about

450[errl_L_LQ__aMQLd—deg+adat|on to photoresist plug, 11. The deposition
char act interlevel dielectric layer do not result in
conpl et E!“mj ﬂE“ HHmspaces bet ween phot oresi st plugs, and by itself
can not pkanar topography for subsequent overlying netallization
| evel s. Therefore a | ayer of spin on glagsg,. (SOG, 13, is applied, using
conventional coating nethods, to a thickness between about 3000 to 7000

Angstrons. The SOG | ayer, 13, is subjected to a bake out at a tenperature

bet ween about 100 to 20 [ uring at { ween about
250 to 450[err]C, for p‘gr tg’k’g Fg’f'dﬁ?%\flﬁa %8@8&5& e%&%! l{Pleae
conponents fromthe S@Gu; é@*ﬁ, toh e PE eSSy gep?fhs,ons Qg\@s
schematically in Fig. 5,l In Ccgte e succenggﬁ ng of the spaces

bet ween photoresi st phagsstak]. with|xﬁetallsmlmnbwﬁanho]témtanuhnetsajbsequent
via netallization, interface first dielectric |ayer, 12 rat her than
interface the | ess dehABeesmnesysr corprising the steps of:A second interl evel

dielectric layer, 14, of Slllfgggdlng the elements of said MOSFET device;

depositing a first insulator layer on said
semiconductor substrate, including on said elements of
said MOSFET device;

opening a first 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 first via hole, including deposition on exposed
top surface, of said element of said MOSFET 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;

application of a photoresist layer covering said
first level metal structure;

patterning of said photoresist layer to form
photoresist plugs on top surface of said first level
metal structures;

heat treatment of said photoresist plugs;



oxi de, ,is now deposited using PECVD processing, at a tenperature between
about 200 to 450[err]C, to a thickness between about 6000 to 12000
Angst rons—A-chemcal nechani cal polishing, (CW), procedure is than used

finali anarity, shown schematically in Fig. 6. The CW
procesgnlﬂgﬂnmﬂaﬂﬂamional met hods, is performed to a point in which the
top surface o&f photoresist plug, 11, IS

- 11 - exposed. At this stage the photoresist plugs, 11, are renoved

usi ng plasma oxygen ashing or wet chem cal processing, followed by careful

wet cleans, and a sputter clqe(;%bééggér{ Qemgde] fr ?ggggg%‘,%agggi i tool, for

pur poses of renoving native rom the sur rst level netal
structure, 9. The remugerOin eXpoted aRirfac®s WE phbrof&sistt plugst e well
formation of the second via hole, 15, shown in Fig. 7. A
contact and barrier n@sabhiexposed, sufaces of tsadidufitrstaitmesal hferumiasepet ween
about 300 to 1000 Angstrons, and _titanium nitride, at a thickness between
about 200 to 1000 Ang@ffoRR saig first insulator layer;

application of said spin on glass layer on said
first interlevel dielectric layer, partially filling
spaces between said photoresist plugs;

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 filling
spaces between said photoresist plugs;

chemical mechanical polishing to expose the top
surface of sa;d Qhotoresist plugs, and smoothing the
surface of exposed said first interlevel dielectric
layer, the surface of exposed said spin on glass layer,
and the surface of exposéd said second interlevel
dielectric layer, in spaces between said photoresist
plugs;

removal of said photoresist plugs, resulting in
formation of second via hole, in said first interlevel
dielectric layer, exposing top surface of said first

level metal structure;



deposited and shown in Fig. 8. Next a deposition of an alum num- copper

| ayer, 17, is performed using r.f. sputtering, at a tenperature between

about 22 to 550[err]C. The ability to performthe alum num based

metal lization at elevated tenperatures, results in the optinmm netal

characteristics, such as resistivity and conformality. This was possible

si nce exposed at the sidewall of the via. If the SOG

| ayer mﬂmﬁqmﬂil(tg t he al um num teposition, possible evolution of

vol atil e conponents uld have occurred, deleteriously influencing the

properties of the alum num netall urgy. In addition to the deposition of

the contact and barrier layer, 16, and the al um num based netall urgy

llayer, 17, a anti-reflectiveidRaiton AR tond it axaPd &Ryl ayer of

titaniumnitride. 18, is also deposited using r.f. sputtering, to a

t hi ckness bet ween abouwet8DDikatd ohO0)Osakng secamd vidheodRC ilngayeding on

- 12 - wll aid in allow ng subsequent photolithographi c exposures to be

performed.  Convent i GHBRPSEhFOD FRRERFR S EaithfimsE g?‘fﬁzled’ﬁgé%, usi ng for

exanple, CJ[err] as an_etchant, _are perfornmed tog creaie the_,second |evel
F?a?é) g$| E il

metal structure, consiSSEPRYEST £ FPRFET i face © first

interlevel dielectric layer, on exposed surface of said

spin on glass layer, and on exposed surface of said
second interlevel dielectric layer;

deposition of a second metallization layer on
said contact and barrier metallization;

deposition of a anti-reflective coating on said
second metallization layer; and

patterning of said second metallization layer,
and said contact and barrier layer, to form second

level metal structure.

2. The method of claim 1, wherein said element, of said

MOSFET device is a polysilicon gate structure.

3. The method of claim 1, wherein said first insulator
layer is silicon oxide, deposited using either PECVD,
LPCVD, or APCVD processing, at a temperature between
about 400 to 700°C, to a thickness between about 5000

to 10000 Angstroms.



al ym num - copper, titaniumnitride - titanium Photoresist renoval is
agai n acconplished via plasma oxygen ashing and careful wet cleans. The
resul ting séecon structure is shown schematically in Fig. 9.
This pr oce ,wm mﬂmﬂuﬂ | ayer to create planar topographies for
subsequent vel s, although shown being applied to an N
channel MOSFET dévi &e, Scan be applled t o-ae6P- channel, (PFET), device, a
conplinmentary, (CMOS), device, or a BiCMOS, (bipolar - CMOS), device.
VWhile this invention has been particularly shown and described with

reference to, the preferred enbodinents thereof, it wll be understood by
those skilled in the art that various changes in formand details may be

made wi thout departingsfr@m hBensPide brafd,SGRBE A dalihseiAyention.
What is clained is:

metallization layer is aluminum with between about 0.5
to 4 ¥ copper, and between about 0.5 to 1 %
silicon, deposited using r.f. sputtering, to a

thickness between about 6000 to 10000 Angstroms.

5. The method of claim 1, wherein said photoresist
layer is applied to a thickness between about 6000 to

12000 Angstroms.

6. 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 to 3000

Angstroms.

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

Angstroms.



- 13 -. 1. A. hod for fabricating a MOSFET device on a sem conduct or

substrat e, in on grass insulator, with nmetal filled via hol es
and net al m"ﬂam U"onprl sing the steps of : provi ding the
el enents of *sak I ce; depositing a first insulator |ayer
on said seniconductor substrate, includi ng on said elenents of said
MOSFET devi ce; opening a first via hole in said first insulator

| ayer, to expose top surface of said erekkemt of said MOSFET devi ce;
deposition of a first nmetallization layer, in said first via hole,

i noluding deposition gn APGReAo 9P JULhALE wrlleth! thidl SEER! 0188k dis
sur

MOSFET device, and on ace of sai Irst insulator |ayer;

patterning of said fibakedeitalal tanpdtulraywstWeen &Bs6un fionstol EoeE, niimal
structure, and providing contact to said elenent of said MOSFET devi ce;
application of a phot aretnstoetagen ahpusr Lot S0dmidi r sxsingvhodt rpdaakes,
structure;
and cured using conventional ovens, at a temperature

between about 250 to 450°C.

9. The method of claim 1, wherein said second
interlevel dielectric layer is silicon oxide, deposited
using PECVD processing, at a temperature between about
200 to 450°C, to a thickness between about 6000 to

12000 Angstroms.

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

methods.

Y 11. The method of claim 1, wherein said photoresist
plugs are removed using plasma oxygen ashing or wet

chemical processes.

12. The method of c¢laim 1, wherein said contact and
barrier metallization is titanium, deposited using r.f.
sputtering, to a thickness between about 300 to 1000
Angstroms, and titanium nitride, deposited using r.f.
sputtering, to a thickness between about 200 to 1000

Angstroms.



patterning of said photoresist layer to form photoresist plugs on top

surface of said first level netal structures; heat treatnent of
ai d phot or esi st - 14 - deposition of
a fi rst Immrm !d)'"ulﬁmrtrr c | ayer on exposed surfaces of
phot or esi as on exposed surfaces of said
first netal structure and on said first insulator |ayer;
application of said spin on glass |ayer-df said first
interlevel dielectric layer, partially filling spaces between
sai d photoresist plugs; heat treating said spin on
gl ass | ayer; curing of said spin on glass |ayer;
deposi tion of a secondsi nfr kid¥gbs Helc@ihi £, wherein said sle@% on said
spin on glass layer, completely filling spaces between said

phot or esi st pl ugs; metallization layer ¢heslundnufieckign Gakweel idpdiuggo (D
expose the top
to 4 % copper, deposited using r.f. sputtering, at a

temperature between about 22 to 550°C.



sur.f ace. of said photoresist plugs, and snoothing the surface
of exposed said first interlevel dielectric | ayer, the surface

of exposed said spin on-glass |ayer, and the surface of
exposed sai d

) ' fegeVvel dielectric layer, in spaces
bet ween sal @ﬂ gt\imimﬁ pl ugs; renoval of
sai d photo s resulting in =19 - formati on of second via

hole, in said first interlevel dielectric |layer, exposing top
surface of said first | evel netal structure; - 15 -
deposition of a contact and barrier metallization in said second
via hole, including on exposed top surface of said first |evel

., hetal structiyr.ea wéthodn £6x pRabedcatidace MobFenideviiceston a
+ interlevel dielectric |ayer, on exposed surface of said
semiconductor substrate, with a planarized surface, by
% using a spin on glass to fill spaces between metal
filled via holes and metal interconnects, comprising
the steps of:
providing a polysilicon gate structure, of a
said MOSFET device;
depositing a first insulator layer of silicon
oxide on said semiconductor substrate, including on
said polysilicon gate structure;
opening a first via hole in said silicon oxide
layer to expose top surface of said polysilicon gate
structure, and source and drain region;
deposition of a first aluminum based
metallization layer in said first via hole, including
on exposed top surface of said polysilicon géte
structure, on surface of said source and drain region,
and on surface of said silicon oxide layer;
patterning of said first aluminum based
metallization layer to form first level aluminum based
metal structure;
application of a photoresist layer, covering

said first level aluminum based metal structure;



spin on glass |ayer, and on exposed surface of said second
interlevel dielectric |ayer; deposition of a second

metal |i zat,d said contact and barrier netallization;
deposi ti grﬁlﬂi“ Hm ﬂ llect ive coating on said second
metalliz ; patterning of said second

netal lization | ayer, and said copf act and barrier layer, to form
second | evel metal structure. 2. The method of claiml
wherein said elenent, of said MOSFET device is a polysilicon gate

structure. 3. T 3:?@%&(}3@ gE gi{;\d rpghé}:o%i Qa)?g)i:okof if;) I nsul at or

|l ayer is silicon oxide, deposi usi ng el CVvD, or
APCVD processing, at §hdﬂ%¥9§£é¥tgrﬁggeéﬂwﬁﬂb surface of2Baus AQQrt Qev@Dlerr]C,
to a thickness between about 5000 to 10000 Angstrons.

aluminum based metal structure;

baking of said photoresist plugs;

deposition of a first silicon oxide interlevel
layer on exposed surfaces of said photoresist plugs, as
well as on exposed surfaces of said first aluminum
based metal structure, and on said silicon oxide layer;

application of said spin on glass layer on said
first silicon oxide interlevel layer, partially filling
spaces between said photoresist plugs;

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 filling
spaces between said photoresist plugs;

chemical mechanical polishing to exposé top
surface of said photoresist plugs, 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 layer, in

spaces between said photoresist plugs;



4.. The method of claim1l, wherein said first netallization layer is
al um numw th between about 0.5 to 4 % copper, and between about 0.5 to 1
% silicon, depes+ted—uSLng_LhiL_sputterlng, to a thickness between about

6000 to 10000 gﬂ he nmethod of claim1, wherein said
phot oresi st | Hm mrmﬂau Hl 0 a thickness between about 6000 to 12000
Angst r ons. *The laim 1, mhereln said first interleve

dielectric Iayer is silicon oxide, dep05|ted using PECVD processing, at a
t enper at ure between about 200 to 450[err]C to a thickness between about

500 to 3000 Angstrons. Zmova*ieogﬁé%‘x"éj % ré‘éi”s‘cl 1M‘§§f e@uié‘izxgg[ %B' n_on
glass layer is applied at =% tenpera ior &°8 meen aBou 2 err]C, to
a thickness between alRuwhcB0st @ O A@QSMMB-in said first silicon
oxide interlevel layer, exposing top surface of said
first aluminum based metal structure;
deposition of a titanium - titanium nitride
layer in said second via hole, including on exposed top
surface of said first aluminum based metal structure,
and on exposed surface of said first silicon oxide
interlevel layer, on exposed surface of said spin on
glass layer, and on exposed surface of said second
silicon oxide interlevel layer;
deposition of a second aluminum based
metallization layer on said titanium - titanium nitride
layer;
deposition of an anti-reflective coating on said
second aluminum based metallization layer; and
patterning of said second aluminum based
metallization layer, and said titanium - titanium
nitride layer, to form second level aluminum based

metal structure.



-.17 -. 8. The nethod of claim1l1l, wherein said spin on glass is
a tenperature between about 100 to 200[err]C, for a tine between about 10

to 50 mn.,
tenperature
wherein sa
deposi ted
450[ err] C,

usi ng hot plates, and cured using conventional ovens,
bet ween about ?Rﬂ to 450[err]C 9. The nethod of claim1,

dlelectric | ayer is silicon oxide,
|E ﬁ M at a_ 28nperature bet ween about
*ween about 00 to 12000 Angstrons.

d
us
to

baked at

at a

200 to
10. The

met hod of claim 1, wherein said chem cal nechanical polishing is perforned
usi ng conventional nethods. 11. The method of claim1, wherein said

phot or esi st
processes.

plugs afe rAIPYEInUS SO BLAR Py O%KIED: A0 OF swet

chem cal

insulator layer of silicon oxide is deposited using

either PECVD, LPCVD, or APCVD processing, at a

temperature between about 400 to 700°C, to a thickness

between about 5000 to 10000 Angstroms.

16. The method of claim 14, wherein said first aluminum

based metallization is deposited using r.f. sputtering,

to a thickness between about 6000 to 10000 Angstroms,

containing between about 0.5 to 4 % copper, and

between about 0.5 to 1 % silicon.

17. The method of claim 14, wherein said photoresist

layer is applied to a thickness between about 6000 to

12000 Angstroms.

18. The method of claim 14, 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.

19. The method of claim 14, 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.



12, The method of claim1l, wherein said contact and barrier netallization
s ti tanlun1‘d_“6§TTéd‘u3|n r.f. sputtering, to a thickness between about

300 m and titaniumnitride, deposited using r.f.
sputl l“mﬂﬂ"m’"m mfginess bet ween about 200 to 1000 Angstrons.
- 18 - 13" The *method of claim 1, wherdein said second netallization

| ayer is alum num w th between about 0.5 to 4 % copper, deposited using
r.f. sputtering, at a tenperature between about 22 to 550[err]C

20. The method of claim 14, 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.

21, The method of claim 14, 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.

22. The method of claim 14, wherein said chemical
mechanical polishing is performed using conventional

methods.

23. The method of claim 14, wherein said photoresist
plugs are removed using plasma oxygen ashing or wet

chemical processes.

24. The method of claim 14, wherein said titanium
contact metallization is deposited using r.f.
sputtering, to a thickness between about 300 to 1000
Angstroms, while said titanium nitride barrier
metallization is deposited using r.f. Sputtéring, to a

thickness between about 200 to 1000 Angstroms.



14— t hod—foer—fabri cati ng a MOSFET device, on a sem conductor
anarized surface, by wusing a spin on glass to fil
gmﬂ“mm‘m:}ml’mm filled via holes and netal interconnects, conprising
he st @pstof® s providing a polysilicon gate structure, of a said

NDSFET devi ce; depositing a first 2zknsul ator |ayer of silicon oxide
on said sem conductor subst rate including on said polysilicon gate

structure; t hole in.said sild de layer to
expose top surface ogg &ﬁt 8 I?go%adﬁ‘t g4 sﬂkﬁgﬁswr%aldcggcgé%r ce and
drain region; a14RPAR WadBa Ohe chilizSE s S UL RUBbSASRA usTRY & Id Zal i on

| ayer in sald first via hole, 1ncluding on exposed top surface of said

pol ysilicon gate st rsgattésingynteusfiatekadss datveatr asnandodoate woagoon,

and on surface of said silicon oxide |ayer, patterning of said
first alum num based maét:mws.zs;pnéﬁlmagsepemeqrmaﬁpfxp r&iS [tOv 4| ¥ FPBSHUM

based



metal structure; application of a photoresist |ayer, covering said
first | evel alum num based netal structure;

) of said photoresist layer to form photoresist
pI ugs omm “‘Hmw sai d first level aluminumbased netal structure;
baki ng I'st plugs; ggposition of a first silicon
oxi de |nterlevel | ayer on exposed surfaces~of said photoresist plugs, as

wel | as on exposed surfaces of said first alum num based nmetal structure,
i cation qQf ,said spin on glass

and on said silicon o

| ayer on said first ih &8‘%&? d’&"‘ﬁ?eﬂ%&gl“rﬁay‘é‘?‘“’rﬁ&%f‘?al ly filling
spaces between said photoreﬂ?id pgjé.qg regions on @g% stul’r%QEér& sai d spi n on
gl ass | ayer; curing of sald spin on glass layer; deposi tion
of a second silicon ogémieonaluetde\stbstrate;

a device region between said field oxide
regions;- ”

a polysilicon gate structure on séid substrate
in center of said device region, and polysilicon gate
structures on séid 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 first via hole in said first insulator layer,
opened to underlying said polysilicon gate structure,
and to said source and drain region;

a first level metal structure, f£illing said
first via hole, also overlapping said first via hole

and residing on said first insulator layer;



| ayer on said spin on glass layer, conpletely filling spaces between said
phot or esi st pl ugs; chem cal nechani cal polishing to expose top
surface of said photoresist plugs, while planarizing surface of exposed
said first silicon-extde interlevel ||ayer, surface of exposed said spin on

gl ass-tayer, W“rface of exposed said second silicon oxide layer, in
e}

spa phot oresi st pl ugs; _ - 21 -
e .

| ! ) oresist plugs, resultlﬁb in formation of a second via
hole," I i said first silioon, quids. il GLLexsleikaygre: SXROSLNL tRaSUrf ace
of said first alum num based netal structure,; eposition of a
titanium- titani um nigstl@eviedyRétdln sgaife1nRGORAd Vésvdiahg, saficleydspg on
exposed top surface of said first alum num based netal structure, and on
exposed surface of sak@stlator iayérdm vegilms where said first insulator
layer is not covered by said first level metal
structure, and resulting in a planar topography;

a second via hole in planar, said composite
dielectric layer, opened to expose underlying said
first level metal structure; and

a second level metal structure, filling said
second via hole, also overlapping said second via hole

and residing on planar, said composite dielectric

layer.



interlevel |ayer, on exposed surface of said spin on glass |layer, and on
exposed surfaece—oef-—said second silicon oxide interlevel |ayer;

deposi ti | um num based netallization |ayer on said titanium
- t,tandﬂluﬂ“uﬁlgﬁ ﬁrﬁuﬁ deposition of an anti-reflective coating

on said *second UM nam based metal | i zation | ayer; and patterning
of said second al um num based netallizatgpn | ayer, and said titanium -

titanium nitride layer, to forn1second | evel al um num based netal
he met hod of claim 14, wherein said

structure. -22-
first i nsul ator 14yembss MQFEET Sﬁ"’cﬁ& SETRCEURS) L) CLALT A §rg ¥heTeL b ¢ her

PECVD, LPCVD, or APCVQa‘lhOBfééAP%omBBsﬁe diel SETRY LYLE, DRREH byt 400
to 700C, to a thickness
filled, second via holes, is composed of: an underlying

first layer of silicon oxide, interfacing said second
level metal structure, in said second via hole,
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:

26. The method of claim 27, wherein said second level
metal structure is composed of: an underlying layer of
titanium, deposited using r.f. sputtering, to a
thickness between about 300 to 1000 Angstroms; a layer
of titanium nitride, deposited using r.f. sputtering,
to a thickness between about 200 to 1000 Angstroms; and
a layer of aluminum, containing between about 0.5 to 4%
copper, deposited using r.f. sputtering, to a thickness

between about 5000 to 10000 Angstroms.



pbet ween -about 5000 to 10000 Angstrons. 16. The method of claim 14,
Mherein said first alum num based netal lization is deposited using

. f. sputtering, to a thickness between about 6000 to 10000 Angstrons,
cont ai ni ng bet ween about 0.5 to 4 % copper, and bet ween about 0.5 to 1
Po si | i con. 17. The method of claim 14, wherein said photoresist

ayer is applied to a thickness between about 6000 to 12000 Angstronmns.
18. The met hod of claim 14, wherein said first silicon oxi de

nterl evel | ?N%S*?{Oggw%bﬁ%og%#goﬂﬁ@/aqﬁuﬁlwpmg 'Aq,gonsat a tenperature

bet ween abou I'CKness ween about 500 to
3000 Angst r ons. 19. The net KRASTBACE| ai m 14, wherein said spin on
gl ass | ayer is applied at a tenperature between about 20 to

?5[err] C, to a thickness Reé¥§¥2;83ggg gggg? ggefgggatggnﬁhich planar,

multilevel metallizations, are used to fabricate semiconductor
devices. The process features initially forming tall, narrow
photoresist plugs, and filling the spaces between photoresist
plugs with a planarizing layer of a composite dielectric, which
includes a spin on glass layer. Removal of the photoresist plug
results in the creation of a narrow via hole. The composite
dielectric was deposited by initially using a non-porous, silicon
oxide layer, followed by the planarizing spin on glass layer.
Therefore metal via fills will interface the non-porous, silicon

oxide layer.

( FIGURE 1 IS SUGGESTED FOR PUBLICATION)




- 23 - 20. The nethod of claim 14, wherein said spin on glass layer is
baked *at a tenperature between 100 to 200[err]C, for a tine between about
10 to 50 mins., using hot plates, and cured using conventional oven
processing, at a tenperature between about 250 to 450[err]C. 21. The
met hod of claim 14, wherein said second silicon oxide interlevel layer is
deposited using PECVD processing, at a tenperature between about 200 to
450[err] C, to a thickness between about 6000 to 12000 Angstrons. 22. The
met hod of claim 14, wherein said chem cal nechanical polishing is

performed using conventional nethods. 23. The nethod of claim 14,
wherein said photoresist plugs are rempved using plasma oxygen ashing or
wet chem cal processes. 24. The nmethod of claim 14, wherein said

titanium contact netallization is deposited using r.f.

FOX
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spyttering, to a thickness between about 300 to 1000 Angstrons, while said
titaniumnitride barrier netallization is deposited using r.f. sputtering,
to a thickness between about 200 to 1000 Angstrons.

-24 . - 25. The nethod of claim 14, wherein said second alum num based
metallization is deposited using r.f. sputtering, to a thickness between
about 5000 to 10000 Angstrons, containing between about 0.5 to 4 % copper.

- 25 - 26. A MOSFET device structure, conprising: field oxide
regions on the surface of a senicondu;}or substrat e;
5
9 9
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a device region between said field oxide regions; a polysilicon
lgate 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 polysilicon gate structure; a
first insulator |ayer on said polysili @A gate structures, on said field
oxi de regions, and said source and drain regions; a first via hole
in said first insulator |ayer, opened to underlying said polysilicon gate
structure, and to said source and drain region; a first |evel
metal structure, filling said first via hole, _.also overlapping said first
via hole and residing on said firfst Pnsul atot2l ayled: 14

11 11
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- 26 -. a conposite dielectric |layer, covering said first |eve
metal structure, and covering said first insulator layer in regions where
said first insulator Ilayer is not covered by said first |evel netal

structure, and resulting in a planar topography; a second via hole
in planar, said conposite dielectric |layer, opened to expose underlying
said first level netal structure; and a second | evel netal
structure, filling said second via hol&5 al so overl apping said second via
hol e and residing on planar, said conposite dielectric |ayer.

- 27 - 27. The MOSFET device structure of claim 26, wherein sai d

pl anar conposite dielectric |ayer, between netal

15 12 15

[ 114 13 l
\




filded,-second via holes, is conposed of: an underlying first layer of
silicon oxide, interfacing said second | evel netal structure, in said
second vi a hol e, deposi ted usi ng PECVD processing, to a thickness

bet ween about 500 to 3000 Angstrons; a spin on glass | ayer, interfacing
said first layer of silicon oxide, applied to a thickness between about
3000 to 7000 Angstrons; and second | ayer of silicon oxide, overlying
said spin on glass |ayer, deposited using PECVD processing, to a

t hi ckness between about 6000 to 12000 Angstrons. 28. The net hod of
claim 27, wherein said second | evel metal “"structure is conposed of: an
underlying | ayer of titanium deposited using r.f. sputtering, to a

t hi ckness between about 300 to 1000 Angstrons; a |ayer of titanium
nitride, deposited using r.f. sputtering, to a thickness between about
200 to 1000 Angstrons; and a layer of alum num containing between about
0.5to 4 % copper, deposited using r.f. sputtering, to a thickness

bet ween about 5000 to 10000 Angstrons.
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