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This application claims the benefit of U.S. provisional application serial
number 60/000,515, filed June 26, 1995 (pending) which is incorporated
10  herein by reference.

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION
The present invention relates to the preparation :of substrates used in the
15  manufacture of integrated circuits (“IC”), .multichip modules, printed circuit
boards, high-speed logic devices, flat panel displays, and other
microelectronic devices. More particularly, the invention pertains to an
improved technique for filling surface voids, leveling spaces between
metal contacts and planarizing dielectric layers of substrates suitable for
20  use in the manufacture of the above submicron size devices. This is done
using spin-on glass materials together with a chemical mechanical

polishing process.



boards, high-speed |ogic devices, flat panel displays, and other

m ¢roel ectronic devices. Myre particularly, the invention pertains to an
inproved technique for filling surface voids, |eveling spaces between

metal contacts and planarizing dielectric Iayers of substrates suitable for
20 use in thewgpgpstssgt ure of the above submicron size devic

done “using spin-on glass materials together wwth a chem cal
mechani cal pol i shing process. WO 97/ 0186
PCT/ US96/ 10836 DESCRI PTI ON OF THE PRI OR ART A

continuing trend in sem conductor technology is the formation of

integrated circuit chipg 6 /1 g circuits thereon. Such
ultral arge scale integ conti nued shri nkage of 5
feature sizes with theAr “R‘}ée‘gg'rg‘é’&% &molgaﬁwetg aﬁgﬁgfaval | abl e

on a single chip. Wth a sur ace area er connect

denstty integrated circuit chips having more and faster circuits thereon. Such

ultralarge scale integration has resulted in a continued shrinkage of
5  feature sizes with the result that a large number of devices are available

ona single chip. With a limited chip surface area, the interconnect density
typically expands above the substrate in a multi-level arrangement and the
devices have to be interconnected across these multiple levels. The
interconnects must be electrically insulated from each other except where

10  designed to make contact. Usually electrical insulation requires
depo.siting or spinning-on dielectric films 6nto a surface. See, i.e,,
“Spin/Bake/Cure Procedure for Spin-On-Glass Materials for Interlevel
and Intermetal Dielectric Planarization” brochure by AlliedSignal Inc.
(1994)(thermally cured spun-on films).

15 |
A key processing difficulty associated with the formation of local
interconnects is the topography of the device surface. Not only is the
substrate surface itself quite non-planar, but device forming processes
additionally create topographical irregularities such as gaps thereon. Loss

20  of planarity can cause many problems which can adversely impact
manufacturing yield including failure to open vias due to interlevel
dielectric thickness disparity, poor adhesion to underlying materials, step

coverage, as well as depth-of-focus problems. Thus the ability to fill



typically expands above the substrate in a nulti-Ilevel arrangenent and the
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additionally create to%?&ﬂeﬁ&%&%n. W‘E‘%‘,‘E{%@ﬁ ﬁ?%ﬁ'*g%@gg o{"g%{ﬁgn. Loss

20 of planarity can cause nmany pro rsely I npact
manufacturing yield includin ai Lure to open,vias due Lo i | evel

di el ectric thickness di%&?‘?MWB%@F‘E'HSFP&?WWﬁB@J‘W@?’ﬁé’? erials, step
coverage. as well as depl gl Al pR PGS Saicatt (a6 Rehbaplerc s

5  Tetra-Ethyl Ortho Silicate (APTEOS), Chemical Vapor Deposition

(CVD), High Density Plasma (HDP) systems and spin-on glass (SOG)
materials. The technique employing the application of SOG materials is

more economic than the other above equipment-intense techniques.

10 Other critical concerns in IC substrate processing include regional and
global dielectric planarization. The planarization or smoothing of surfaces
is essential in the fabrication of integrated circuits. As optical lithography
techniques are used to define smaller and smalier features, the depth of
focus of the exposure tool decreases. Therefore, it is necessary to

15  employ planarizing films to smooth or “level" the topography of
microelectronic devices in ofder to properly pattern the increasingly
complex integrated circuits. IC features produced using
photolithographic techniques require regional and global dielectric
planarization where the lithographic depth of focus is extremely limited,

20  i.e., at 0.35 um and below. Without sufficient regional and global
planarization, the lack of depth of focus will manifest itself as a limited

lithographic processing window.
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PCT/ US96/ 10836 narrow gaps in I C substrates is critical for
form ng sub-mcron size el enents thereon. Various substrate gap
filling techni ques known in the art include deposit-etch-deposit
cycles, and appli yees of Sub- At nospheric Tetra-

Silicate (SATEOS)@% nospheric Pl asma 5 Tetra-Ethyl Ot h%%ﬁgétag
(APTECS), Chem cal Vapor Deposition (CvD), Hi gh Density Plasma -’
(HDP) systens and spin-on gl ass (SOG mat eri als. The techni que
enpl oying the application of SOG materials is nore econom ¢ than

the other above equi pIegs AR hioURk thGhmarization offY surfalds Hthuay 1 1 C2I

concerns in | C substrate processing I nc regi onal an gl obal
dielectric planarizatiog. Th L, anarni zati on, Qr t hj of surfaces

is essential in the fab%%#@ﬁcwcﬂﬁP@%&Rm,ﬁmﬁQEH,AESSBP‘F“&%I
l'ithography techniques are used to define smaller, and smaller
features, the depth of advantagein thatitGan mpidinremovesleyated sopagmphigel featurescs .

Therefore, it is necessary to 15  enploy planarizing filns to snooth
or "level" the topograpwitha significantly thinning flat areas. CMP can reduce more of

s  applied oxide coating thicknesses in raised areas than in recessed areas
since the raised areas have a greater surface contact with the polishing
pad and thus can be abraded to a greater extent than recessed areas. By
applying mechanical as well as chemical abrasion to the upper surfaces,
CMP achieves greater planarization than that obtained by conventional

10 etching.

‘While planarization can be achieved with CMP, its use does not eliminate
the need for gap-filling. It has been heretofore believed that the use of
SOG and CMP techniques were mutually exclusive processes. This is

15  because of the common belief that SOG layers are porous and hence the
polish rate of SOG would be much higher than that of other gap-filling

processes.

It would be desirable to provide an improved process for forming
20  continuously uniform microelectronic substrates whereby the substrate
would be essentially void-free, the metal contacts would be effectively

insulated, and the layers would be effectively planarized.
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(a) applying a dielectric composition to a surface of a substrate in an

s  amount sufficient to uniformly coat and fill voids on the surface; and
(b) performing a chemical mechanical polishing step to said dielectric -
composition until said dielectric composition on said substrate surface is

substantially planarized.

10  The invention aiso provides a process for treating a semiconductor
substrate surface com;irising:
a) spin depositing a layer of a liquid dielectric composition onto a surface
of a semiconductor substrate;
b) heating sald dielectric layer at a temperature and for a time sufficient
15 to form a continuous, dry dielectric layer on the surface; and
| c) chemical-mechanical polishing the dielectric layer to remove at leasta

portion of the dielectric layer.

B DES (0) DRA F
20  Fig. 1 (a) is an atomic force micrograph (AFM) image of a siloxane
available from AlliedSignal under the tradename Accuglass®311 after

thermal cure for 60 min. at 425°C under nitrogen atmosphere, and (b} is
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Fig. 2 is a graph of polishing rate (A/min.) of AlliedSignal SOG

Accuglass®311 siloxane using sturries of varying pH.

Fig. 3 is a graph of the polishing rate (A/min.) of substrates coated with
thermal oxide, thermally cured SOG siloxane and vacuum cured SOG

siloxane using SC-112 slurry at various organic ratios.

Fig. 4 (a-d) are graphs of the polishing rate (4/min.) of substrates coated
with thermal oxide, PETEOS, PESiH,, Accuglass®311 siloxane and
Flare™ fluorinated poly(arylether) avaitable from AlliedSignal Inc. using

SC-112 slurry at varying platen rpm.

Fig. 5 is a graph of the polishing rate (A/min.) of silicate SOG material

with varying phosphorus content rates using various different slurries.

Fig. 6 is a graphic screen of a Luxtron 2350 end point detector

monitoring variations of motor current to detect the stop point.

20

Iy

polish rate of SOG woul d
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The invention provides a process for formng a void-free, continuous

pl anari zed substrate surface conpri sing: (a) applying a
dielectric compogig ngo a surface of a substrate in an oseR
sufficient to unlfor,‘B coat and fill voids on the surface; an b4k
(b) performng a chentcal mechani cal polishing step to said dielectric
conposition until said dielectric conposition on said substrate surface is
substantial ly planarized. The invention also provides a process
for treating a sem con ctor

strate surface conprising:
a) spin depositing a | (ab“tdi%?"&“’dt'g'?’ b@fé‘r’?ﬂﬂ%?‘f"ﬁ?"onto a
surface of a sem conduct of substrate b) heating said
dielectric layer at a faiggoscoRy (SEM)microgsaphtopresgnt she surfacesondition of wafers
before and after CMP.

5  Fig. 8 shows a substrate having a pattern of metal contacts on which is

deposited a CVD layer and an SOG layer, respectively.

Fig. 9 shows a substrate having a pattern of metal contacts on which is
deposited a CVD layer , an SOG layer an additional CVD Ilayer,

10  respectively.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
In its broadest etttbodimcnt, the process includes the steps of providing
15  anupper surface of a semiconductor substrate with a dielectric layer.
Thereafter, CMP is conducted to remove at least a portion of the
dielectric layer in an amount sufficient to formed a planarized layer on the

substrate.

20  Typically the dielectric compositions are applied onto wafer substrates,
which are to be processed into an IC or another microelectronic device.
Suitable planar substrates for the present invention non-exclusively

include gallium arsenide (GaAs), silicon and compositions containing



15 to forma conti nuous, dry dielectric |ayer on the surface; and
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siloxane after being CMficon suchas cgstalﬂﬁ@ﬁﬁb%ﬁ,%l;}é!h&&h givorphdds sHicBR bpitaiaed
silica slurry. Fi g. I's a graph polishing rate (A/mn.) of

Caryrns grat 896 Siicon, 308 b EbE8d (50} dnd e 8 Rertddy, Wik bty bl ©S ©f

may not have a circuit pattern on their surface. Typically, the substrates
have a diameter in the range of from about 2 inches to about 12 inches,
5  although the present invention would still be effective for larger or

smaller substrates.

One applies a liquid dielectric layer, preferably a spin-on giass

(hereinafter SOG) such as a silicate or siloxane in a suitable solvent, to
10 the substrate surface under ambient conditions. Suitable solvents non-

exclusively include water and organic solvents in an amount sufficient to

form a uniform solution or dispersion of the dielectric material.

A wide variety of commercially available dielectric materials may be used
15  for this purpose. lllustrative of such suitable dielectric materials which

may be spun-on to substrates include, but are not limited to, silicates,

phosphosilicates, siloxanes such as phenylsiloxanes, methylsiloxanes,

methylphenylsiloxanes, phosphosiloxanes, silsesquioxané, methyl

silsesquioxane, methylphenyl siisesquioxane, and organic polymers such
20  as fluorinated polymers, in particular fluorinated poly(arylethers)

available under the tradename Flare™ from AlliedSignal Inc., and
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Fig. 4 (a-d) are graphs of the polishing rate (A/m n.) of substrates coated
with thermal oxigeormEECS, PES Herr], Accuglass[err] 311 sil
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usi ng SC-112 slurry at varying platen rpm_ 15 Fig
5 is a graph of the polishing rate (A/mn.) of silicate SOG nmateri al

wi th varyi ng phosphorus content rates using various different slurries.
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‘F’,\‘gwg 6/58 é? 538 36 carbon atoms are preferred and siloxanes and fluorinated poly(arylethers)
) are more preferred. Preferred siloxanes are amorphous, crosslinked
glass-type materials having the formula SiOx wherein x is greater than or
5 equal to one and less than or equal to two, and have, based on the total
weight of the siloxane materials, from about 2 % to about 90%, and
preferably from about 10% to about 25% of organic groups such as alkyl
groups having from about 1 to about 10 carbons, aromatic groups having
from about 4 to about 10 carbons, aliphatic groups having from about 4
10  to about 10 carbons, and mixtures thereof. Optionally, the siloxane and
silicate materials may also contain phosphorus in an amount from about
0% to about 10%, and preferably from about 2 % to about 4% based on
the total mol percent of th_e dielectric materials. Preferred siloxane

materials suitable for use in this invention are commercially available

15  from AlliedSignal Inc. under the tradename Accuglass®.

Suitable siloxane materials contain about 100 parts per billion or less,
preferably 50 parts per billion or less, and more preferably 10 parts per
billion or less of trace element impurities such as sodium, potassium,

| . 20  chlorine, nickel, magnesium, chr_omium, copper, manganese, iron,

calcium, and the like, and preferably have a molecular weight of from



Fi gurés 7 (a) and (b) show wafer surfaces by scanning el ectron
m croscopy (SEM m crograph to present the surface condition of wafers

before and after CWVP. 5 Fig. 8 shows a substrate having a pattern
of metal contacts on which is deposited a CVD | ayer and an SOG

| ayer, respectiv Fig. 9 shows a substrate havi rn
of net al contactghﬁﬁml ichis deposited a CVD Iayenigyﬁ%§§?ﬁ@

| ayer an additional CVD | ayer, 10 respectively.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENVBCODI MENT Inits

br oadest enbodi nent, the process includes the steps of providing 15

an upper surface of a S%Bu@@ad@&u%u:ssdo@dorﬁtﬁnmgpefé}auﬂﬁbm?&d&obwer

Thereafter, CVMP is conducted to renove at | east portion o

dielectric layer in an gﬁ&??%@&ﬁfe&ﬁkﬁg&gﬁt%ﬁ?r med a planarized | ayer on

t he substrat

In the preferred embodiment, the dielectric materials have a viscosity

5  when applied ranging from about .8 to about 70 cP, a percent solids
when applied ranging from, based on the total weight of the dielectric
material, solvent and water, about 3% to about 36% and a water content
of from about 0 to about 11%, a dielectric constant of about 10 or less,
preferably from about 2.4 to about 3.2, and a refractive index of from

10 about 1.37 to about 1.65.

The dielectric material may be applied to the substrates via conventional
spin-coating, dip coating, spraying, or meniscus coating methods which
are well-known in the art. Details of such methods are described in, for
15 example, “Processing Equipment and Automated Systems”, a brochure
by Integrated Technologies. Spin-coating is most preferred. The
thickness of the dielectric film on the substrate may vary depending on
the amount of liquid dielectric that is applied to the substrate, but
typically the thickness may range from about 500 A to about 2 microns,
20  and preferably from about 3000 A to about 9000 A. The amount of
dielectric liquid applied to the substrate may vary from about 1 ml to

about 10 ml, and preferably from about 2 m! to about 8 ml.

10



20 LI'ypi cally the dielectric conpositions are applied onto wafer

substrat es, which are to be processed into an | C or another

m croel ectroni c devi ce. Sui t abl e planar substrates for the
present invention non-exclusively i nclude gal | i um ar seni de
(GaAs), silicon wyormmeggrosi tions containing .

7 WO 97/ 01364 PCT/USSGN0836
PCT/ US96/ 10836 silicon such as crystalline silicon,

pol ysi li con, anorphous silicon, epitaxial silicon, and silicon
dioxide (Sigerr]) and m xtures thereof, which may or may not

have a circuit pattern on their surface. Typically, the substrates
have.a dianmeter in the range of fromabout 2 inches to about 12 inches,

5 although the presgine bAtGieRBodthe dabia rbfecl ikl oHfo frQTuph@” 9°7 "
' surface the substrate according to known spin techniques. - Preferably, the
dielectric is applied from a solution which is centrally applied to the
s  substrate and then spun on a rotating wheel at speeds ranging between
about 500 and about 6000 rpm, preferably between about 1500 and
" about 4000 rpm, for about 5 to about 60 seconds, preferably about 10 to
about 30 seconds, in order to spread the solution evenly across the
substrate surface. Once placed, the liquid dielectric composition fills
10 valleys or crevices both in the substrate and between densely spaced
metal conductors on the substrate to provide a smoothing effect which

does present some planarization in the crevices, however, not enough to

fully planarize that area.

.15 After the dielectric material is applied to the substrate, the dielectric~
substrate combination is optionally, but preferably heated for a time and
at a temperature sufficient to evaporate any residual solvent present
within the dielectric film, to further reduce the viscosity of the film, and
to enhance leveling of the film on the substrate, and to increase or

20 decrease the density, chemical resistance properﬁes and/or physical
abrasion resistance pnl'openies of the film, as may be determined by one

skilled in the art without undue experimentation. A change in the density

11



One applies a liquid dielectric layer, preferably a spin-on glass

(hereinafter SOG such as a silicate or siloxane in a suitable solvent, to
10 the substrate surface under anbient conditions. Suitable solvents non-
excl usively include water and organic solvents in an anmount sufficient to

forma uniformsqw;.}nﬁg“or di spersion of the dielectric matteriai,(._..r 96/10836
A wde variety of conmmercially available dielectric materials may’g% used

15 for this purpose. Illustrative of such suitable dielectric materials
whi ch may be spun-on to substrates include, but are not limted
to, silicates, phosphosi |l icates, siloxanes such as

phenyl si | oxanes, net hyl inl L‘ﬁé@@ﬁ?ﬁpﬁﬁeﬁ%m diele@ﬁ%c%mggwél ql&lq anes,

phosphosi | oxanes, sil se Sil's xane,
met hyl phenyl sil sesqui oxane,, .and ni ¢ _polymners such 20 as
fluorinated pol ymers, iMSERRIbIiRy i SME 1emayal, AnJBcrense i emparatig oF gyposure
avail t abl e under the tradenane Flare[err] fromAl|iedSignal Inc., and
time to heat will incrementally change the chemical and mechanical

properties of the dielectric layer thereby bringing about a change in CMP
5  removal rate. Removal can be fixed at a higher or lower rate according
to the properties of the dielectric layer material and the particular CMP

chemical slurry and mechanical pressure conditions being applied.

Generally, the dielectric coated substrate is heated at a temperature of

10  from about 50 °C to about 400 °C , more preferably from about 50 °C
to about 250 °C for about .5 to about 10 minutes, more preferably from
about 1 to about 3 minutes. This is preferably done on a hot plate but
may also be done Iin an oven. In a preferred embodiment, the dielectric is
first heated at about 50 °C for about 30 seconds to one minute, then

15 heated at about 150 °C for about 30 seconds to one minute, and heated a
third time at about 250 °C for about 30 seconds to one minute. The
liquid dielectric material _partially crosslinks and solidifies as a result of

| such heating.

20 After the coating is heated, the thickness of the resulting film ranges from
about 0.2 to about 3.0 micrometers, preferably from about 0.5 to about

2.5 micrometers, and most preferably from about 0.7 to about 2.0

12
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PCT/ US96/ 10836 copol yners m xtures thereof. Organic
dielectrics, i.e. those containing carbon atons are preferred
and sil oxanes and fluorinated pol y(aryl et hers) are nore
preferred. Pref eﬁbey:;m#‘j,oxanes are anor phous, crosslinked PCT/US96/10836
gl ass-type material’s having the fornula Si Ox wherein x is greater than or
5 equal to one and |less than or equal to two, and have, based on the

t ot al wei ght of the siloxane materials, fromabout 2 %to about
90% , and preferably from about 10%to about 25% of organic
groups such as al kyl

) oups haying, fromabout 1 to about 10
carbons, aromatic gr ouﬂgcrﬁﬁ‘s‘ieﬁgqrhe%ﬁns produced By thig fpygation gﬁ‘e?ﬁ%ﬁi?"%it@ car bons,
al i phatic groups having fromabout 4 10 _ to about 10 carbons, and
mi xt ures thereof. Opti Hnekmess standard sleyigtioness than 2%, and preferably lessthand “peifer i al s
may al so contai n phosphorus in an anmount from about 0% to about
10% , and preferably f theavetagefilnpthickness.about 4% based on t he
total nol percent of the dielectric materials. Preferred sil oxane
materials suitable for use in this invention are comercially avail abl e
15 fromAlliedSignal Inc. under the tradenane Accugl ass[err].

s  Prior to CMP, the dielectric layer may optionally receive a curing cycle
defined at a level and duration necessary to densify and change the
chemical composition of the dielectric layer. In the préferred curing
embodiment, the dielectric layer is heated to cause an incremental
mechanical hardening and chemical change in the dielectric composition

10  under temperatures of from about 250 °C to about 1,000 °C for a period
of from about 5 minutes to about 240 minutes, more preferably from
about 300 °C to about 800 °C for from about 30 minutes to about 120
minutes, and most preferably from about 350 °C to about 450 °C for
from about 30 minutes to about 120 minutes to further cure the layer.

15
In an alternate curing embodiment, the dielectric Iayer may be exposed to
electron beam radiation under conditions sufficient to cure the dielectric
material prior to removal of the dielectric layer. The dielectric coated
substrate is cured by exposing the surface of the substrate to a flux of

20 electrons while in the presence of a gas selected from the group

. consisting of oxygen, argon, nitrogen, helium and mixtures thereof, and

preferably oxygen, argon, nitrogen, and mixtures thereof. Nitrogen gas is

more preferred. The temperature at which the electron beam exposure is

13



Sui tabl e siloxane materials contain about 100 parts per billion or |ess,

preferably 50 parts per billion or less, and nore preferably 10 parts per
billion or less of trace elenent inpurities such as sodium potassium

20 chl orine, nickel, magnesium chrom um copper, nanganese, iron,
calcium and the g nd preferably have a nol ecul ar wei ght

o "o o) 8‘{%%}2‘?“& Obcrrbsyihesss
PCT/ US9/ 10836 about 1,000 to about 50,000, and nore
preferably fromabout 300 to about 1,000 nol ecul ar wei ght units.

In the preferred enbodinent, the dielectric materials have a viscosity
conducted will depend on the desired characteristics of the resuiting film

and the length of desired processing time. One of ordinary skill in the art
can readily optimize the conditions of exposure to get the claimed results
but the temperature will generally be in the range of about 25 °C to‘about
5 250 °C, and preferably from about 150 °C to about 250 °C. The

pressure during electron beam curing will range between from about 10
mtorr to about 200 mtorr, and preferably from about 10 mtorr to about
40 mtorr. The period of electron beam exposure will be dependent upon
the strength of the beam dosage applied to the substrate. One of

10  ordinary skill in the art can readily optimize the conditions of exposure to
get the claimed results, but generally the exposure will range from about
5 to about 45 minutes, and preferably from about 7 to about 15 minutes
with application of an electron beam dose of about 2000 to about 50,000,
preferably from about 7500 to about 10,000 microcoulombs pér square

15  cm. The accelerating voltage of the electron beam may range from about
5 to about 15 KeV. The dose and energy selected will be proportional to
the thickness of the films to be processed. The dielectric coated substrate
may be exposed to electron beams in any chamber having a means for
providing electron beam radiation to substrates placed therein. Typically,

20  the chamber is also equipped with a means for emitting electrons into a
gaseous atmosphere comprising oxygen, argon, nitrogen, helium and
mixtures thereof, and preferably oxygen, argon, and nitrogen,

simultaneously with electron beam exposure. In a preferred embodiment,

14
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Details of such nethods are described in, for

that is app tothe s rate, but

Rt PR AERARB s o A onfpfirand

o D el SIS G Rl bl Ok ™

Number 5,001,178, which is incorporated herein by reference.

After the dielectric layer is optionally cured, one performs a CMP to the
dielectric layer according to known techniques. Details of such
techniques are well known in the art, see for example, U.S. patent -
5,516,729 which is incorporated herein by reference. In general, the
chemical-mechanical polish step is conducted by abrading the dielectric
layer with an abrasive powder slurry comprised of an alkali silica, a
fumed silicﬁ or cerium oxide, using a polishing pad such as a foamed
fluorocarbon polishing pad employing a pressure of from about 5 to
about 20 Ibs/in?, preferably from about 5 to about 10 lbs/in®. The |
preferred slurry is cerium oxide having a crystallite size of from about 14
to about 100 nm, and preferably from about 14 to about 20 nm.
Preferably the slurry composifion has a pH range of from about 2.8 to
about 11, or more preferably from about 10.3 to about 11. Particularly
useful slurry materials nonexclusively include SC112, which is a fumed
silica available commercially from Cabot Corporation of Aurora, Illinois
and has a pH of 10.3; ILD1300 which is a fumed silica available

commercially from Rodel Corporation of Scottsdale, Arizona and has a

15

wei ght of the dielectric
wat er, about 3% to about 36% and a water content
of fromabout O to about 11% a dielectric constant of about 10 or |ess,

preferably from @epssierss4 to about 3.2, and a refractive index pfrisse/iness
The dielectric material may be

15



WD 97/ 01864

PCT/ US96/ 10836 In the preferred enbodinent, the liquid
naterial is spun onto the upper surface the substrate according
to known spin techniques. Preferably, the dielectric is applied

- froma solution Wmﬁqh s centrally applied to the 5 s ubpdrrE896/108861
then spun on a MR N wheel at speeds rangi ng between about 500
and about 6000 rpm preferably between about 1 500 and about 4000

rpm for about 5 to about 60 seconds, preferably about 10 to

- about 30 seconds, in order to spread the solution evenly across the
substrate surface. OncpHpfat@and 8825 whigisa fuined silica aivajlable spomercialinfrom| | s

10 val | eys or crevices both in the substrate and between densely spaced
metal conductors on t healsotiCokporitiontadd hisa/pHl of H0.8: nibreferdblyoCMP fisdune withah

does present sone planarization in the crevices, however, not enough to
fully planarize that agggmercially available polisher such as a Avanti 372 or 472 from
IPEC/Westech, having a platen speed of from about 10 to about 100
5  rpm, preferably from about 25 to about 60 rpm and a downward pressure
from a polishing pad to the dielectric surface of from about 5 to about 20
psi, preferably from about 7 to about 11 psi. CMP may be conducted for
from about .5 to about 60 minutes, preferably from about .5 to about 30
minutes and more preferably from ab¢;ut .5 to about 60 minutes. The

10  amount of dielectric layer typically removed depends on the dielectric

layer thickness applied.

The dielectric layer is partially removed such that after such portions are
removed, the remaining layer is more planar than prior to CMP. The

15 following non-limiting examples serve to illustrate the invention.

EXAMPLE 1: tion of SOG coat
Six inch diameter silicon wafers are coated with a siloxane SOG, namely
Accuglass®311 available from AlliedSiQaal Inc., by dispensing 3 to 4 ml
20 of the SOG onto the surface of the wafers. The wafers are then spun on
a SOG coater track, manufactured by DNS Inc., for 2 seconds at 72°F at
about 350 rpm. After the coated wafers are additionally spun at 3000

rpm for about 20 seconds under similar conditions, they are then heated

16



15 After the dielectric material is applied to the substrate, the

dielectric- substrate conbination is optionally, but preferably
heated for a tinme and at a tenperature sufficient to evaporate
‘any residual solvent present within the dielectric film to
further reduce t ﬁ}ogﬁgsity of the film and. to enhal;a%g[gﬁ Xdesé NY
of the filmon the substrate, and to increase or decr ease

density, chemi cal resistance properties and/or physi caI abr asi on

resi stance properties of the film as nay be deternined by one

skilled in the art w thout undue experinentation. A change in the density
WD 97/ 01864 . o

PCT/ US96/ 10836 on hot plate i t*EﬁBﬁH‘EE‘F‘*JPb%‘W&?‘“B}W fmervalsef W0 ri ¢

affords a change in its susceptibility to CVWP renmoval . An
i ncrease in tenperatur eecevdSékB%&#%OCand 175°C. tinme to heat will
increnental |y change the chem cal and nechani cal properties of
the dielectric |ayer thereby bringing about a change in CWP
The coated wafers from step 1 are then cured in a furnace, manufactured
5 by MRL Industries for 1 hour at 425°C and 1 atmosphere in the presence

_of nitrogen to produce a cured dielectric layer.

17



5 renoval rate. Renoval can be fixed at a higher or |ower rate according
to:the properties of the dielectric |layer material and the particular CW
chem cal slurry and nmechani cal pressure conditions being applied.
Generally, the dielectric coated substrate is heated at a tenperature of
10 from about SQolosbdssl to about 400 [err]C, nore preferably %.Q

m nut es,

50 [err]C to about 250 [err]C for about .5 to about

nore preferably from about 1 to about 3 m nutes. This is
preferably done on a hot plate but may al so be done in an oven.
In a preferred enbodi nent, the dielectric is first heated at
about 50 [err]C for about 30 seconds to one mnute, then 15 heat ed

at about 150 [err]C for about 30 seconds to one minute, and heated a
XA i

third tine at about 250 [err]C f g yinute. The
liquid dielectric material partidl ‘Tes as a result

KS 0
of - such heat j,ng. 0.,. After,the, coa heat ed, .t he
t hi ckness of the resul t*"ffg”?ffrlsqugfﬁﬁiég ﬁf‘mth"“ it g%@tm@vﬂ"tﬁ%nabout
3.0 microneters, preferably fromaboyt 0.5 to about )
m crometers, and nost W@F@M&‘W@ﬁf@%@%&“@ﬁ@ﬂ“!@mw?ﬂ
12

5 ranging from 10.3 pH to 11 pH. Polishing is conducted at a down
pressure of 7.0 psi, plate speed of 28 rpm, oscillating at a 5 mm range at
speed of 2 mm/minute. Polishing is done at 110 °F using an IC 1000
polishing pad available from Rodel Corporation. The slurry flows at 130
ml/minute. Wafer thicknesses are pre-measured before CMP using a
10  Prometrix instrument manufactured by Tencor at twenty five different

locations on the wafers and then the twenty five values are averaged.

Polished SOG coated wafers are then post-measured after CMP for
thickness at twenty five different locations on the wafers, then th§ twenty
15 five values are averaged. The polish rate is obtained by subtracting post-
measurement thickness from pre-measurement thickness. Automated
calculation is done by the Prometrix instrument. Fig. 1 (a) shows an
atomic force micrograph (AFM) image of SOG Accuglass® 311 after
thermal cure for 60 min. at 425°C under a nitrogen atmosphere, and (b)
20 - is the AFM image of SOG Accuglass® 311 after CMP processed with
SC-112 slurry. Fig. 2 shows a graph of polishing rate (A/min.) of SOG
Accuglass® 311, range from 0 to 2000 A/min. with slurries that have

different pH rates from a 10.3 pHto 11 pH.

18



VO 97/ 01864

PCT/ US96/ 10836 m cronmeters. The filns produced by this

i nvention generally exhibit a t hi ckness standard deviation |ess
than 2% and preferably |less than 1% of the average film

t hi ckness. wodyoses | Of to CWMP, the dielectric layer may ogd

receive a curing cycle defined at a | evel and duration necessary
to densify and change the chem cal conposition of the dielectric
| ayer. In the preferred curing enbodi nent, the dielectric |ayer
I's heated to cause an increnental mechani cal har deni ng and

chem cal change in the dielectric conposition | O under tenperatures

of from about 250 [err]C to about 1 000 [err]C for a perlod of
fromabout 5 minutes to aﬁ% . ; e Terele

about 300 [err]C to about ' T Of 3 T about 120
ik e and 105 b1 5 s bATHELE oo it Sk Rkt 1

a thermat oxide wafer which is then thermally cured according to the

atios

5 procedure set forth in Example 1. An additional layer of the SOG used
in Example 1 is applied thereon a@rding to the procedure of Example
1, then the wafer is cured in a vacuum furnace, manufactured by DNS, to
produce vacuum cured SOG wafer. Figure 3 shows the polishing rate of
- different dielectric surfaces as a function of percent organic content of
10 the SOG. This example shows the polish rate of thermal oxide film,
thermatly cured SOG and vacuum cured SOG as a function of organic

content in the SOG.

15  Example 1 is repeated, but with different dielectric SOG materials,

" namely, a thermal oxide, PETEOS, PESiH, , Accuglass® 311 sifane and
FLARE™ flyorinated poly(arylether). This example exemplifies CMP
polish rates, as shown in Figures 4 (a-d), as a function of polishing down
pressure and platen rpm for a variety of SOG materials.

20
EXAMPLE 3: Preparation of wafers with different phosphorus contents
Example 1 is repeated with different SOG materials having different

phosphorous wt.%, which are available from AlliedSignal Inc. under the

13



from about 30 mnutes to about 120 mnutes to further cure the |ayer. 15
In, an alternate curing enbodinent, the dielectric |ayer may be exposed to
‘el ectron beam radi ati on under conditions sufficient to cure the dielectric
‘material prior to renoval of the dielectric layer. The dielectric coated
substrate is cur%)#% geyposing the surface of. the substrate to gefldbbntifss
20 el ectrons e In the presence of a gas selected fromthe group
consi sting of oxygen, argon, nitrogen, helium and m xtures thereof and

pref erably oxygen, argon, nitrogen, and m xtures thereof. Nitrogen gas is
nore preferred. The tenperature at which the el ectron beam exposure is

13 WO 97/ 0186
PCT/ US96/ 10836 4radename %asg 2 3AS f’lleAand 114At'ﬁhee cggtsedrre rs are

char act _eri st | cs of the esuk‘ﬂ‘&?&"‘i‘lﬂ‘ﬁ"‘?‘h“?ﬁé’hﬁ}’f usmgge,elﬁe@w QI desired

processing time. One of"GGPY
' ILD-1300 slurries. Wafer thickness is pre-measured and post measured

as set forth in Example 2. The polishing rate as a function of phosphorus
5  content is shown inFig.5. This example shows the use of SOG materials

having various phosphorus contents.

EXAMPLE 6: End Point Detection by

Preparation of CVD TEQS/SOG coated wafer
10 The CMP may be conducted through the dielectric layer until an

underlying layer is reached. This underlying layer is usually a substrate
with metal conductors and an oxide layer. A stopping or end-point is
reached wh_en a portion of the desired underlying layer is reached by the
CMP.

15
A layer of TEOS film having a thickness of 2kA is applied onto
polysilicon wafers via CVD at a temperature of about 350°C to 400°C
and a pressure at 10 mtorr. The wafers are then similarly deposited with
another layer of 'I'EOS. film at a thickness of 8 kA, after the wafer was

‘20  processed by the method of Example 1.

The prepared wafer is polished and monitored by a Luxtron 2350 End-

point detection system to observe constant rotational velocity of the

20



can readily optim ze the conditions of exposure to get the clained results

but the tenperature will generally be in the range of about 25 [err]Cto
about 5 250 [err]C, and preferably from about 150 [err]C to about
250 [err] C. The pressure during electron beamcuring will range
bet ween from ab%,],ﬁlm morr to about 200 ntorr, _and%ﬁw
fromabout 10 ntorr "t 0 about 40 mtorr. The period of electron
beam exposure wi |l be dependent upon the strength of the beam
dosage applied to the substrate. One of 10 ordinary skill in the art
can readily optim ze the conditions of exposure to ' get the

S to about 45 i nut es. “ARGPoling R BRR IEmiivaln HAMAT ackRGIY, |
Wi th application of an ﬂ’gctrog%bea ig)gse of about 2000 to about 50, 000,

preferably from about 000 m crocoul onbs per square 15
cm The accelerating voltage of the el ectron beam may range from about
5 to about 15 KeV. The dose and energy selected will be proportional to

the thickness of the filns to be rocessed The di eI ectr| c coat ed substrate
may be exposed to el ectronkEHadEE.L £ L0 raetRaiion 9L Lk bity legpsare
provi ding el ectron beamradiation to subst rat es pl aced there| n. Typ| cally,
20 the chanber i$ al Exampieb srepeatadtifot withwaifferénd layerof OMDh§log PESTHLotos i nt 0
a gaseous at nosphere conprising oxygen, argon, nitrogen, helium
and produce test wafers. Then the wafers are polished and monitored by a

Luxtron 2350 End-point detection system to observe constant rotational
velocity of the wafer polishing head in order to maintain constant
polishing rate. | |

10

EXAMPLE 8

SEM shows local and global planarization by the SOG/CMP combined
process when Examples 1 and 2 are repeated on a bare unpatterned Si
wafer. Figures 7 (2) and (b) show the surface of the wafers both before

15 and after CMP.

E LEO
Example 1 and 2 are repeated except the slurry used for CMP is cerium
oxide at a variety of weight percentages in deionized water, pH’s and

20 particle sizes, and the dielectric layer is comprised of Accuglass® 311
siloxane, Accuglass® 418 methylsilsesquioxane, Flare™ fluorinated
poly(arylether) and TEOS. Polishing rates are measured as set forth in

Example 2 and results of which are presented in Table 1.
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m xtures thereof, and preferably oxygen, argon, and nitrogen,
si mul taneously with el ectron beam exposure. In a preferred enbodi nent,
14 WO 97/ 01864.

PCT/ US96/ 10836 the dielectric coated substrate is placed into
a chanmber which_j commercially available from El ec L.on,
San Diego, Cali fv@ﬂ"?}m under the tradenane "El ect ro@ﬁ%’\q’@’g] ,
the principles of operation and performance characteristics of
which are described in U S. Patent 5 Nunber 5,001,178, which is
I ncor porated herein by reference. After the dielectric |ayer
Is optionally cured, one perforns a CVMP to the dielectric | ayer
according to known techniques. Details of such . techni ques are
well known in the art, see for exanp S, patent 10 5,516, 729
which is incorporated herein by refe =~ In general, the
cheni cal - nechanical—poli-sh—et-8p—s—coRduct-gorby—abradi-Rg—t-he—di-al-8ci-rio—
Shurry Polish Rate (?/ min.)
Celll |%CeO |pH Particle A;:t:uglassbT Amuglas‘s6 Flare | TEOS
Size 311 418
Celll | 10%(+) | 7.0(+) | 350 nm (+) 2484 9900 4000 | 6000
Cell2 | 10%(+) | 28(-) [20nm (-) 2833 165 1034 | 740
Celi3 | 10%(+) | 7.0(+) | 170 nm (-) 2490 3719 5000 | 2120
Celld | 10% (+) | 2.8(-) |350nm (+) 519 4263 4655 | 1135
Cell5 13%(-) |28¢() {20nm(-) 1092 1053 1295 | 1321
Cell6 [3%(-) |70(+)|170nm(-) 5328 10278 1650 | 5124
Cell? |3%(-) |7.0(+)}|350nm(+) 5060 2171 4380 | 2432
Cell8 [3%(-) |28() |350nm(+) 248 8172 | 2432 | 1434

* cell refers to the cell of the Prometrix measurement instrument.

One of the most important uses for the SQGICMP process is endpoint
control, i.e. 6perator control of the point at which CMP is ended when
the polishing through the dielectric la‘yer reaches an underlying layer.
The underlying layer is typically the substrate with metal conductors and
10  an oxide layer. A stopping or end-point is reached when a portion of the
underlying layer is reached by the polish operation. The use of the SOG

layer as a stop layer in the planarization process is shown in Fig. 8 and

22



| ayer with an abrasive powder slurry conprised of an alkali silica, a

fured silica or ceriumoxide, using a polishing pad such as. a foaned

fl uorocarbon polishing pad enploying a pressure of fromabout 5 to 15
about 20 Ibs/in[err], preferably fromabout 5 to about 10 | bs/in[err]. The
preferred slurryweoefidgdsum oxi de having a crystallite size of fpefpidiaussls
to about 100 nm and preferably fromabout 14 to about 20 nm

Preferably the slurry conposition has a pH range of fromabout 2.8 to

about 11, or nore preferably fromabout 10.3 to about 11. Particularly

20 useful sl urry materials nonexclusively include SC 112, which is a
fumed . silicay g"mawheﬁ)iuﬁstmmu@dnashwra&r Phivingla ttGﬂr offesat | On Of
Aurora, Illinois has a pH of 10.3; ILD 1300 which is a funed

silica available Ofowmsma%ﬁb%éh PERpBaRe'a S B9EA) bt Ros

Scottsdal e, Arizona an

ég_l_/ -USQG/ 108\14\? 971 018640,-1:}5511-], followed by a SOG layer 4. Fig. 9 shows an additional CVD

exterior layer 5 of PETEOS or PESiH,;. The CMP step may be
5  conducted wherein polishing can stop in SOG layer 4, CVD layer 5 or

CVD layer 3, depending on the end use.

It will be appreciated to those skilled in the art having the benefit of
this disclosure that this invention is capable of applications with multiple
10  levels of interconnect and can be repeated to form interlevel dielectrics
between each level of interconnect. Furthermore, it is also to be
understood that the form of the invention shown and described is to be
taken as exemplary, presently preferred embodiments. Various
modifications and changes may be made without departing from the spirit
15 and scope of the invention as set forth in the claims. It is intended that
the following claims be interpreted to embrace all such variations and

modifications.
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comercial ly avail abl e polisher such as a Avant i 472 #SIHIE T:lHAS BEEN
I PECI West ech, having a platen speed of from about 10 to abo 100REPLAGEB
rpm preferably % ut 25 to about 60 rpm and a downward prféﬁﬁé

froma polishing (gg) ‘the dielectric surface of fromabout 5t0o a ou?”%O
psi, preferably fromabout 7 to about 11 psi. CMP may be conducted for
fromabout .5 to about 60 m nut es, preferably fromabout .5 to about 30

m nut es and nore pre%blﬁ iglo about .5 to about 60 minutes. The 10

anount of dielectric ‘al |y renoved depends on the dielectric
| ayer thickness appl

di el ect | t]
renoved such that afhggpmfﬂb@mévgggrul‘%me“%m%g@%@% ar |n| ng

pH of 11.0 and SS25 which is a funed m‘lllﬁﬂ“wﬂwa“ rrrrerci ally from
Cabot Corporation and has a pH of 10.8 IL

llayer is nore planar than prior to CVP. The 15 foll ow ng nonllmtlng
exanpl es serve to il FemPHsfge t he i nventi on. .
EXAMPLE 1: Preparation of SOG coated wafers Si X i nch di aneter

silicon wafers are c(applying adickectricicompesitioB0Ga sucfarejof a substrate in an amount
Accugl ass[err] 3 11 available fromAlliedSignal Inc., by dispensing 3 to 4
m 20 of5 t he &idfficiemnd onifodmalyoatfand &1l obids b theastface; anBhe wafers are
t hen spun on
(b) performing a chemical mechanical polishing step to said dielectric composition
until said dielectric composition on said substrate surface is substantially

planarized.

10 2. The process of claim 1 further comprising heating the dielectric composition
and substrate at a temperature and for a time sufficient to form a continuous, dry

dielectric film on the surface after step (a) but before step (b).

3. The process of claim 1 wherein the dielectric composition comprises a material
15 selected from the group consisting of silicates, phosphosilicates, siloxanes,

silsesquioxane, organic polymers, copolymers and mixtures thereof.

4. The process of claim 1 wherein said dielectric composition comprises a

siloxane having, based upon the total weight of said siloxane, of from about 2% to
20 about 90% of organic groups comprising alkyl groups having from about 1 to

about 10 carbons, aromatic groups having from about 4 to about 10 carbons,

aliphatic groups having from about 4 to about 10 carbons, or mixtures thereof,

Thls Sheet Has Been RT
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a SOG coater track, manufactured by DNSum m [l“u) H nds at_72[err]F at
about 350 rpm After the coated wafers spu 'ﬁ,"s:g}ﬁ_@]-H S BEEN

rpmfor about 20 seconds under simlar condltlons they are |t hen D
16 WD 97/ 01864 PCT/ U

on hot plates in“;dggm ter track for three consecutive intervalLLs‘E

seconds at 80[err]C, [err]C and 175[err]C The coa’ggc?a\]/‘va%rs
fromstep 1 are then cured in a furnace, nmanufactured 5 by MRL

I ndustries for 1 hour at 425[err]C and 1 atnosphere in the presence
of nitrogen to prodyCangpfidessdr lhif! Lhérein shid iftfectric composition is further cured by

an additional subsequent heating before step (b) at a temperature of from about 25

°C to about 250 °C.

5 6. The process of claim 2 wherein said dielectric composition is further cured by

. an electron beam curing treatment.

7. The process of claim 1 wherein the chemical mechanical polishing is conducted
with an alkali silica slurry.

10
8. The process of claim 1 wherein the surface comprises a pattern of metallic -

electrical conductors and a layer of an oxide on the metat contacts.

9. The process of claim 1 wherein the surface comprises a pattern of metallic
15 electrical conductors and a layer of an oxide on the metal contacts and the process
further comprises depositing a second oxide layer on the dielectric layer before -

conducting step (b).
10. A substrate produced according to the process of claim 1.
20

11. A microelectronic device comprising the substrate of claim 21.

12. A process for treating a semiconductor substrate surface comprising

This Sheet Has Been Replaced
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a) spin depositing a layer of a liquid dielectric composition onto a surface of a
semiconductor substrate; b) heating said dielectric layer at a temperature and fora
time sufficient to form a continuous, dry dielectric layer on the surface; and
c) chemical-mechanical polishing the dielecﬁic layer to remove at least a portion

5 of the dielectric layer.
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WO 97/ 01864

PCT/ US96/ 10836 EXAMPLE 2: Thi ckness of

Pol i shed waf ers The wafers produced in Exanple | are then
polished with an Avanti 472 pol i sher manufactured by

| PEC/ West ech, with slurries that have pH s 5 ranging from10.3 pHto

11 pH. Pol i shi ngyi ucted at a down pressure of 7. |

pl ate speed of ggb§y§#e€sci |lating at a 5 mmrange at z"’g@ggﬁ‘%‘?‘ 2
nmm m nute. Polishing is done at 110[err]F usi n% an | C 1000

pol i shing pad avajl abl e from Rodel Corporatib#2 The slurry flows at 130

m /mnute. \Wafer Ahicknesses are pre- measure Jefore QWP usyng a 10
Pronetrix instréh®ht nanufactured by Tencorg AN VT ief [ erent
| ocations on the wafers ,and the the t went SRS SRR sr aged

Pol i shed SOG coat el
t hi ckness at twent{
15 five val uet.g
post -

Aut omat ed

}-3;3.577 S are 4 4« - !I,

an t he twenty
ubtractl ng

AFTER THERMAL CURE (60min@ 425° C, N2)
FiG. 1(a)

AFTER CMP WITH SC-112

FIG. 1(b)
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calculation is done by the Pronetrix instrunent. Fig. 1 (a) shows an
atom c force mcrograph (AFM inmage of SOG Accugl ass[err] 311 after
thermal cure for 60 min. at 425[err]C under a nitrogen atnosphere, and (b)
20 is the AFM i mage of SOG Accugl ass[err] 31 1 after CVP processed with
SC-112 slurry. Ry@osagghhows a graph of polishing rate (A mn.)

Accugl ass[err] 311, range fromO to 2000 A/Amn. with slurries that have

different pHrates froma 10.3 pHto 11 pH. 2/12 WD 97/ 01864
PCT/ US96/ 10836 EXAMPLE 3: Preparation of wafers with
different organic ratjes A thermal oxide filmis growa on a bare
Si wafer in a furnac 0 proauce a tnermalr oxrae waf® which is
then thermally cured cording to the 5 procedure set} forth in
Exanmple 1. An additipnal |ayer of the SOG used in|Exanple 1 is
applied thereon accofdiyg to the procedure of Exanple 1, then
the wafer is cured ip ayacuum furnace, manufactured by DNS, [ Ocyy
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produce vacuum cured SOG wafer. Figure 3 shows the polishing rate of
different dielectric surfaces as a function of percent organic content of
10 the SOG This exanple shows the polish rate of thermal oxide film
thermal |y .cured SOG and vacuum cured SOG as a function of organic

content in the Sffe EXAMLE 4: Preparation of wg%.f 4430

; /01864, . .
di fferent SOG mater?a“s4 15 Exanple | is repeated, but wt ?f erent
dielectric SOG materi al s, nanmel y, gf12hernmal oxide, PETEGCS, '
PESi Herr], Accuglass[err] 311 silane and FLARE[ err] fluorinated

shown in Figures 4 (a-d), as a fjunction

poly(arylether). This exanple exenplifiegyCWP polish rates, as
8 possh] ng down
pressure and platen rpmfor a vafiety of pOG Btefi al s. 20

EXAMPLE 5: Preparation of wafers| with difgfere phosphorus contents
Example | is repeated with diffefe SOQuiat e¥# al 5 having different
phosphorous w.% which are avaif a fr@n Al {= edBi gnal I nc. under the
19 X 2 S5
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WO 97/ 01864

PCT/ US96/ 10836 tradenanme Accugl ass[err] 203AS, P112A and
P114A. The coated wafers are then polished with an Avanti 472
pol i sher, using SC 112, SS-25 and | LD- 1300 slurries. Wafer

thi ckness is preygaapiegd and post measured as set f |
Exanpl e 2. The poli Sﬁl ng rate as a function of phosphorus %%@fﬂs%%t
is shown in Fig.5. This exanple shows the useil?g SOG material s

havi ng vari ous phosphorus contents. EXAMPLE 6:
End Point Detection by Preparati on of CVD TECS/ SOG

coat ed wafer 10 The CVP nay conducted thrjough the dielectric |ayer
until an under | yi ng | ay is reached. Thi s underlying | Qpeer i s
usual ly a substrate vvith_JTet al conductorfs and an oxi de ~I~aayer A
stopping or end-point is aghed when a jportion of the wEsired
underlying | ayer is reached by thHes < 15 (6 | ayer
of TECS film having a thickness cfﬂ2k8| skappl i ont o
rhidcs
Foo ol
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pol ysi.l icon wafers via CVD at a tenperature of about 350C to 400[err]C
and a pressure at 10 nmtorr. The wafers are then simlarly deposited with
anot her |layer of TECS filmat a thickness of 8 kA, after the wafer was

20 processed by the nethod of Exanple 1. The prepared wafer
i s polished and wpghbgs£d by a Luxtron 2350 End- POI BeTRRPEEIsON
systemto observe constant rotational velocity of the
20 WO 97/ 01864 {
PCT/ US96/ 10836 waf er polishing ﬁ’egrd in order to maintain
constant a polishing rate. Results are shown in Fig.6.
EXAMPLE 7: Endpoint Detection of Si H4 Coated WAjers 5 Ex’gqpl e 6is
repeated but with a different |a} of VD film PESiHer], to ¢y
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produce test wafers. Then the wafers are polished and nonitored by a
Luxtron 2350 End-point detection systemto observe constant rotational
vel ocity of the wafer polishing head in order to mai ntain constant
;polishing rate. 10 EXAMPLE 8
'SEM shows | ocal ﬁg?,,ﬁh@bal pl anari zation by the SOG CMP conbi ngéruses10836
process when Exanples | 'and 2 are repeated on a bare unpatterned Si
wafer. Figures 7 (a) and (b) show the surface of the wafers both before
15 and after CMP. _ 6/12 ' EXAMPLE 9
Exanple | and 2 are repeated exc [ used for CWP is cerium
oxide at a variety of weight perjcentages in d¢gi onized water, pH s.and

20

particle sizes, and the dielectrlic layer is cgmprised of Accugla€d[err] 311
si | oxane, Accugl ass[err] 418 net|hyl sil sesqui oxjane, Flare[err] fXori nated

poly(aryl ether) and TEGS. Polishi rates are jheasured as set forth in
Exanple 2 and results of which gre pstsent ijn Table 1. <
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TABLE 1

Polish Rate ([err]/ mn.) Cel |
pH Particle . Accugl ass[err] Accugl ass[err] Flare TEGCS
SWbomsss 418 Cell 1 10% (+) 7.0 (prrifsdervde+)
9900 4000 6000 Cell 2 10%(+) 2.8 (-) 20 nm
2833 165 1034 740 Cell 3 10%+) 7.0(+) 170
2490 3719 5000 217762 Cell 4 109%+)
350 nm (+) 519 4263 4655 1135 Cell 5
2.8(-) 20 nm(-) 1p92 1053 1295 132
3% -) 7.0(+) 170 nn- 5328 10278 P50 5124
3%-) 7.0 (+) 350 nn(+ 5060 2171 2432
3% -) 2.8 (-) 350 nn(fyn 248 8172 2%32 1434
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cell refers to the cell of the Pronetrix neasurenent instrunent. 5
One of the nost inportant uses for the SOG CWP process i s endpoint
control, i.e. operator control of the point at which CWP is ended when
‘the polishing through the dielectric |ayer reaches an underlying | ayer:

‘The underlying | ks, typically the substrate with netal con d
10 an oxi de Ig/dergfmxastoppi ng or end-point is reached when aﬂ%‘glpﬁsglgﬁgf

t he underlying | ayer is reached by tgl polish operation. The use of
t he SOG | ayer as a stop layer in the @Izanari zation process i s shown
in Fig. 8 and 22 <
97/ 01864 <
PCT/ US96/ 10836 ‘ Fig. 9. Which illustrate a siliconsubstrate 1
having a pattern of me * contacts 2 thereon, ont olvﬂich S
deposited a CVD | ayer . : ' ~
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or PESiHerr], followed by a SOG |layer 4. Fig. 9 shows an additional CVD

exterior layer 5 of PETECS or PESiH err]. The CWP step nay be 5
;conduct ed wherein polishing can stop in SOG |ayer 4, CVD | ayer 5 or
:CVD | ayer 3, depending on the end use. It will be appreciated

to those skill edgg art having the benefi.t of t hy ';sﬁk&%ure
that this i nvenﬁ%%’nlhgacapabl e of applications with nultiple bé’i’gk evel s

of interconnect and can be repeated to forminterlevel dielectrics

bet ween each | evel of interconnect. Furtherq?qée, it i's also to be
understood that the formof the invention shhown and described is to be
taken as exenplary, presently preferred enbodi nents. Vari ous
nmodi fi cations and changes may be made without departing fromthe spirit

15 = and scope ofthe invention assget forth in the claims. It is intended
t hat ~ the follow ng clai mg\_be interpreted to enbrace all such
vari.ations and nmodi fi cgi ons, o o o
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23 VWhat is clainmed is: 1. A process for formng a
voi d-free, continuous planarized substrate surface conpri sing: (a) a
. dielectric conposition which conprises a material selected fromthe group
- consi sting of silicates, phosphosilicates, siloxanes, silsequioxane,
organi ¢ polyners, copolynmers and mxtures thereof to a surface of a
substrate in an anount sufficient to uniformy coat and fill ,a
surface; and (MO orni ng a chenical mechanical poli shi ngl’& %‘ al d
dielectric conposition until said dielectric conmposition on said substrate
surface is substantially planarlzed 2. |@V§ process of claim1 further
conprising heating the., Y strate at a
tenperature and for uous, dry dielectric
filmon the surface 3. The process
of claim1l wherein si .es a sil oxane havi ng,
based upon the total about 2% to about 90%
of organic groups co about 1 to about 10
carbons, aromatic
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groups having from about 4 to about 10 carbons, aliphatic groups having
fromabout 4 to about 10 carbons, or m xtures thereof. 4. The process
of claim2 wherein said dielectric conposition is further cured by an
addi ti onal subsequent heating before step (b) at a tenperature of from
-about 25[err]C to about 1,000[err]C. 5. The process of claim2 wherein
sai d dle|eCtrIC“&ﬂHB%%4tlon Is further cured by an el ectron beam curin

t r eat nent process of claim1 wherein the chenlcmrqﬁﬁﬁﬂﬂw I
polishing is conducted with an alkali silica slurry.

24 7. The process of claln1fjjm@re|n the surface conprises a
pattern of netallic el ect iyaes - g B oxi'de on the
metal contacts. 8. T surface
conprises a pattern of e A | ayer of an

oxi de on the netal contac e es depositing a
second oxi de | ayer on the g step (b). 9.
A process for treating a { Bonpri sing '

Fl6. 7(b)

| AFTER CMP |
LOCAL & GLOBAL PLANARIZATION ON THE SAME WAFER
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a) spin depositing a layer of a liquid dielectric conposition which
conprises a material selected fromthe group consisting of silicates,
.phosphosi | i cates, siloxanes, silsequioxane, organic polynmers, copolyners
rand m xtures thereof onto a surface of a sem conductor substrate; b)
heating said diahg@@hhﬁulayer at a tenperature and for a tine §Qﬁﬁﬁ§y@gg to
forma continuous, dry dielectric |layer on the surface; and C

chem cal - mechani cal polishing the dielectric |ayer to renpbve at |east a

portion of the dielectric |ayer. 12/12
25 WD 97/ 01864
PCT/ US96/ 10836 a) spin depositing a layer of a liquid

di el ectric conposition onto a surface of a

AL
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FIG. 8
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sem condu
‘and for a

dielectri
| ayer .

— Ty
o o, R e g
| ayer on the'surface; and * L M"c) Schéni (g LAD bM 8lf shi ng the W
c layer to renove at |east a portion {5 - of thejdielectric
06 JUN 1998
What is claimed is:

1. A process for forming a void-free, continuous planarized substrate surface
comprising:

(@) adielectric composition which comprises a material selected from the group consisting
of silicates, phosphosilicates, siloxanes, silsequioxane, organic polymers, copolymers and
mixtures thereof to a surface of a substrate in an amount sufficient to uniformly coat and fill
voids on the surface; and

(b) performing a chemical mechanical polishing step to said dielectric composition until
said dielectric composition on said substrate surface is substantially planarized.

2. The process of claim 1 further comprising heating the dielectric composition and
substrate at a temperature and for a time sufficient to form a continuous, dry dielectric film
on the surface after step (a) but before step (b).

3. The process of claim 1 wherein said dielectric composition comprises a siloxane

having, based upon the total weight of said siloxane, of from about 2% to about 90% of
organic groups comprising alkyl groups having from about 1 to about 10 carbons, aromatic

groups having from about 4 to about 10 carbons, aliphatic groups having from about 4 to

about 10 carbons, or mixtures thereof.

4. The process of claim 2 wherein said dielectric composition is further cured by an
additional subsequent heating before step (b) at a temperature of from about 25°C to about
1,000°C.

5.  'The process of claim 2 wherein said dielectric composition is further cured by an
electron beam curing treatment.

6. The process of claim 1 wherein the chemical mechanical polishing is conducted with
an alkali silica slurry.
24
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7. The process of claim 1 wherein the surface comprises a pattern of metallic electrical
conductors and a layer of an oxide on the metal contacts.

8. The process of claim 1 wherein the surface comprises a pattern of metallic electrical
conductors and a layer of an oxide on the metal contacts and the process further comprises
depositing a second oxide layer on the dielectric layer before conducting step (b).

9. A process for treating a semiconductor substrate surface comprising

a) spin depositing a layer of a liquid dielectric composition which comprises a
material selected from the group consisting of silicates, phosphosilicates, siloxanes,
silsequioxane, organic polymers, copolymers and mixtures thereof onto a surface of a
semiconductor substrate; . |

b) heating said dielectric layer at a temperature and for a time sufficient to form a
continuous, dry dielectric layer on the surface; and '

¢) chemical-mechanical polishing the dielectric layer to remove at least a portion of
the dielectric layer.



