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The present invention relates generally to dielectric layers within

integrated circuits. Mre particularly, the present invention

relates to

spi n-on-gl ass (SOG sandwi ch conposttle-pl anarizing dielectric |ayer

constructions enployed in integrated circuits such as silicon
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BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates generally to dielectric Jayers within integrated

circuits. More particularly, the present invention relates to spin-on-glass (SOG) sandwich

composite planarizing dielectric layer constructions employed in integrated circuits such as silicon

* ultra-large scale integrated (ULSI) circuits.

2. Description of the Related Art

Integrated circuits are formed upon semiconductor substrates within and upon
whose surfaces are forméd resistors, transistors, diodes and other ele;trical circuit elements. The
electrical circuit elements are connected internally and externally to the semiconductor substrate
upon which they are formed through patterned conductor layers which are separated by dielectric

layers.

In the method for forming dielectric layers such as pre-metal dielectric (PMD)

layers and, more particularly, inter-level dielectric (ILD) layers within advanced integrated circuits

ultra-1large
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| ayer's. = In the nmethod for forming dielectric |ayers such
as pre-netal dielectric (PMD) layers and, nore particularly, inter-1level
dielectric (ILD) layers within advanced integrated circuits

-2-+ such as ultra-large scale integrated (ULSI) circuits, it is common in
the art to enploy a sandwi ch conposite planarizing dielectric |ayer
construction formed froma spin applied spin-on-glass (SOG planarizing
dielectric layer which is sandwi ched between a | ower |ying confornal
dielectric |l|ayer and an upper lying conformal dielectric |ayer. Typically,
al t hough not exclusively, the lower |lying conformal dielectric |ayer and
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conposite planarizing dielectric |ayér construction, it is common after
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| ower Iying conformal diel’ectric layer to further planarize through a

react i vesiliaon oxidelieldstric) matddh bAgdicatip taithshighhet exphuively; b aitison Side)digdadtiar i zi ng
dielectric layer prior to formng upon the spin-onglass (SOG planarizing
di el ect r materialyfeom whish isfpemed the legretlyimg eonfiarmal dielectric layer and the upper lying

conformal dielectric layer is formed through a chemical vapor deposition (CVD) method such as,

but not limited to, a plasma enhanced chemical vapor deposition (PECVD) method. Ina

conventional method for forming such a spin-on-glass (SOG) sandwich composite planarizing

dielectric layer construction, it is common after forming the spin-on-glass (SOG) planarizing

dielectric layer upon the lower lying conformal dielectric layer to further planarize through a

reactive ion etch (RIE) etchback method the spin-on-glass (SOG) planarizing dielectric layer prior

to forming upon the spin-on-glass (SOG) planarizing dielectric layer the upper lying conformal

dielectric layer, The reactive ion etch (RIE) etchback processing of the spin-on-glass (SOG)

planarizing dielectric layer is typically preferably undertaken until the uppermost portions of the

lower lying conformal dielectric layer are reached and partially etched. There is then formed upon

the reactive ion etch (RIE) etchback processed spin-on-glass (SOG)-planarizing dielectric layer

and the partially etched lower lying conformal dielectric layer the upper lying conformal dielectric

layer. The spin-on-glass (SOG) sandwich composite planarizing dielectric layer construction so

formed is then typically completely planarized through a chemical-mechanical polish (CMP)

planarizing of the upper lying conformal dielectric layer.

By employing such a conventional method where a reactive ion etch (RIE)

etchback processing of the spin-on-glass (SOG) planarizing dielectric layer is undertaken until the



dlelectrrc Iayer The reactive ion etch (RIE) etchback processing of the
spi n-on-glass (SOG planarizing dielectric layer is typically preferably
undertaken until the uppernost portions of the |ower |ying conformnal
dielectric layer are reached and partially etched. There is then forned
upon the reactive ion etch (RIE) etchback processed spin-on-glass (SOG

pl anarizing dielectric layer and the partially etched | ower |vying
conformal dielectric |ayer the upper IyBng conformal dielectric layer. The
spi n-on-gl ass (SOG sandw ch conposite planarizing dielectric |ayer
construction so formed is then typically conpletely planarized through a
chem cal - nechani cal polish (CW) planarizing of the upper |ying conformal
dielectric |ayer. By enpl oyi ng such a conventional method
wher e a reépRermest poaiongofthe [oRieE)yingconfsamal dinlestrissleyargraeachivd anppartially-gieheds
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(SOG) planari zing ectric layers are
dielectric layers since vias formed through spin-on-glass (SOG) planarizing dielectric layers are

often susceptible to moisture sorbtion and desorbtion which may yield high resistance connection
and interconnection elements formed into those vias formed through those spin-on-glass (SOG)

planarizing dielectric layers.

While the conventional methed for forming a spin-on-glass (SOG) sandwich
composité planarizing dielectric layer construction where a via may be formed through only the
upper lying conformal dielectric layer and the lower lying conformal dielectric layer within the
spin-on-glass (SOG) sandwich composite planarizing dielectric layer construction has become
common in the art, the method approaches an inherent limitation as the width (ie: pitch) of an
aperture formed thhm a patterned layer upon which is typically formed the spin-on-glass (SOG)
sandwich composite planarizing dielectric layer construction decreases and the aspect ratio of the
aperture within the patterned layer increases. The significance of the width and aspect ratio of the

aperture within the patterned layer upon which is formed the spin-on-glass (SOG) sandwich

composite planarizing dielectric layer construction is illustrated by reference to Fig. 1.

Shown in Fig. 1 is a substrate 10 upon which is formed a pair of patterned layers

12a and 12b. The substrate 10 and the pair of patterned layers 12a and 12b have formed



often susceptible to nmoisture sorbtion and desorbtion which may yield high
resi stance connection and interconnection elenents forned into those vias
formed through those spin-on-glass (SO planarizing dielectric |ayers.
Whi.l e t he conventional method for formng a spin-on-glass (SO5 sandw ch
conposite planarizing dielectric |layer construction where a via may be
formed through only the wupper lying conformal dielectric |ayer and the

| ower lying conformal dielectric |ayer wig4hin the spi n-on-gl ass ( SOG
sandwi ch conposite planarizing dielectric |layer construction has becone
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(the spi N-a0RiONBTS WaR) thelvadtawZzoMmige aperlre alithinthé Ryer lyigdonfolmal diefeetricl yi ng
conformal dielectric layer of the spin-on-glass sandwi ch conposite
pl anari zi dayer 14 due to bridging of portions of the lower lying conformal dielectric layer 14 from the
opposing sidewalls of the patterned conductor layers 12a and 12b. The formation of a void within
the width W2 of the aperture within the lower lying conformal dielectric layer 14 is undesirable
since such a void will preclude subsequent filling of the width W2 of the aperture within the lower
lying conformal dielectric layer 14 with the subsequently formed spin-on-glass (SOG) planarizing

dielectric layer, thus compromising the dielectric characteristics of the integrated circuit into

which is formed the patterned layers 12a and 12b.

From a practical perspective, within ultra-large scale integrated (ULSI) circuits
where the patterned layers 12a and 12b are typically, although not exclusively, patterned
conductor layers and-the width W1 of the aperture between the patterned layers 122 and 12b is
from about 2000 to abB;t 8000 angstroms while the aspect ratio H/W1 of the aperture between
the patterned layers 12a and 12b is greater than about 2, the lower lying conformal dielectric layer
14 may typically have a thickness T of up to about 3500 angstrokms-beforc void formation within

the width W2 of the aperture within the lower lying conformal dielectric layer 14 becomes

prevalent.

Unfortunately, at a2 thickness T of less than about 2000 angstroms the lower lying



diel éctri ¢ layer construction are not shown). Under conditions where the
width WL of the aperture between the patterned |ayers 12a and 12b
decreases while the aspect ratio HL/WL of the aperture between the
patterned | ayers 12a and 12b increases it becones increasingly preval ent
that a void will formwthin the wwdth W2 of the aperture within the | ower
| ying confornmal dielectric |layer 14 due to bridging of portions of the

| ower lying conformal dielectric |ayetr 514 fromthe opposing sidewalls of
the patterned conductor |layers 12a and 12b. The formation of a void within
the width W2 of the aperture within the Iower |lying conformal dielectric

| ayer 14 is undesirable since such a void will preclude subsequent filling

of the wi dbiifoM¥al dfeldctiz 1aRE 14 wilbofdntbaiof idsiificie@whitkndsy tov@lisbhndseirgahat the
dielectric layer 14 with the subsequently forned spin-on-glass (SOQG

pl anari zi mgnvediiedabreactive ibmgteli (RIED eshimokrprooessimg of thehspindbeglesst(806) planarizing
characteristics of the integrated circuit into which is forned the
pat t er ned diedsetricslaye? sutaeqiietpformed upon the lower lying coffioomalalighecarie fayexi14 will
perspective, within ultra-| ar{g}g scale integrated (ULSI) circuits wher e
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lyi ng layers 12a and 12b and lead to functionality or reliability problems within the integrated circuit
within which is formed the patterned layers 12a and 12b, particularly when the patterned layers

12a and 12b are patterned conductor layers.

It is therefore desirable in the art to provide a method through which there may be
formed within integrated circuits, such as advanced ultra-large scale integrated (ULSI) circuits,
spin-on-glass (SOG) sandwich composite planarizing dielectric layer constructions in a fashion
such that: (1) patterned layers formed beneath the spin-on-glass (SOG) sandwich composite
planarizing dielectric layer constructions are not damaged when forming the spin-on-glass (SOG)
sandwich composite planarizing dielectric layer constructions; and (2) apertures or vias may be
formed within or through the spin-on-glass (SOG) sandwich composite planarizing dielectric layer
constructions without passing through the spin-on-glass (SOG) planarizing dielectric layers of the
spin-on-glass (SOG) sandwich composite planarizing dielectric layer constructions. It is towards

these goals that the present invention is generally directed.

Polishing methods and materials through which adjoining layers formed of different

materials within integrated circuits may be polished at different rates to produce structures of



-5- " conformal dielectric layer 14 will often be of insufficient
thickness to reliably assure that the conventional reactive ion etch (RIE)
et chback processing of the spin-on-glass (SO planarizing dielectric

| ayer subsequently forned upon the |ower |ying conformal dielectric |ayer
14 will reproducibly termnate with only a partial reactive ion etch (R E)
et chback etching of the uppernost portions of the |ower |ying conformal
dielectric layer 14. A conplete etchim®f the uppernost portions of the

| ower |ying conformal dielectric |ayer 14 through reactive ion etch (R E)
et chback processing of a spin-on-glass (SOG planarizing dielectric |ayer
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It is therefore desirable in The art to provi roug
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ultra-large scale integrated (ULSI) circuits,” spin-on-glass (S sandwi ch

conposi t echsrzatensties. g addicbs®. Mredihmiglest at: ' Wew OMPPSlishes for SOSPlamhriz st
that: (1) _patterned |ayers fornmed beneath the spin-on-glass (SOG sandw ch
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formng the spin-on-glass (SOG5 sandw ch conposite planarizing dielectric
| ayer con&Hise forghemicalmechanical pelish(CMP) planetizieg efmarioas spireomess§SAG)N or
t hr ough thfe sr&il n-dor]-(%l,afs (?OG) sandwi ch conposite planarizing dielectric
| ayer anarizing dielectric layers formied in the presence of silicon oxide dielectric layers formed

through a thermal oxidation method employing tetra-ethyl-ortho-silicate (TEOS) as a silicon

source material,

Desirable in the art are methods and materials through which spin-on-glass (SOG)
sandwich composite planarizing dielectric layer constructions may be formed within advanced
integrated circuits, such as ultra-large scale integrated (ULSI) circuits, in a fashion such that: (1)
patterned layers formed beneath the spin-on-glass (SOG) sandwich composite planarizing
diclectric layer constructions are not damaged when forming the spin-on-glass (SOG) sandwich
composite planarizing dielectric layer constructions; and (2) apertures or vias may be formed
within or through the spin-on-glass (SOG) sandwich composite planarizing dielectric layer
constructions without passing through the spin-on-glass (SOG) planarizing dielectric layers of the

spin-on-glass (SOG) sandwich composite planarizing dielectric layer constructions. Particularly

desirable are methods and materials which achieve the foregoing two goals while providing a
readily manufacturable method of limited process complexity. It is towards these goals that the

present invention is specifically directed.



constructions w thout passing through the spin-on-glass (SOG planarizing
dielectric layers of the spin-on-glass (SOG sandw ch conposite

pl anari zing dielectric layer constructions. It is towards these goals that
t he ‘present invention is generally directed. Pol i shi ng
met hods and materials through which adjoining |layers forned of different
materials within integrated circuits nay be polished at different rates to
produce structures of

- 6- desirabl e dinensions within those integrated circuits are known in
the art. For exanple, Doan et al. in US. Patent No. 5,395,801 disclose a
pol i shing method enploying either a single polishing slurry or two

di fferent polishing slurriesgmvARYOF SEEMNVENTION Ng rates for two
insulator layers wthin an integrated circuit, thus form ng an insul ator

| ayer structure with preferentially etched character| stics. In addition,

B. Tredinnick et al. in "New CMP Polishes for SOG Pl anarization," Planar
96 - The Diel ectri cAfiSoobjestefithe, prebentimventicis tol@86ide dinediod shrotigfewhisiea gfin-
novel ceriumoxide slurries for chem cal nechanical polish (CWP)
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A second object of the present invention is to provide a method through which a
spin-on-glass (SOG) sandwich composite planarizing dielectric layer construction may be formed
within an integrated circuit, where apertures or vias may be formed within or through the spin.-on-
glass (SOG) sandwich composite planarizing dielectric layer construction without passing through
the spin-on-glass (SOG) planarizing dielectric layer of the spin-on-glass (SOG) sandwich

composite planarizing dielectric layer construction,

A third object of the present invention is to provide a method in accord with the
first object of the present invention or the second object of the present invention, where the

method is readily manufacturable and of limited process complexity.

In accord with the objects of the present invention, there is provided by the present
invention a method for forming for use within an integrated circuit, such as an advanced ultra-
large scale integrated (ULSI) circuit, a spin-on-glass (SOG) sandwich composite planarizing
dielectric layer construction. To form the spin-on-glass (SOG) sandwich composite planarizing
dielectric layer construction of the present invention, there is first provided a substrate. There is

then formed upon the substrate a patterned layer which has a minimum of one aperture formed at



integratéd circuits, such as ultra-large scale integrated (ULSI) circuits,
Iin a fashion such that: (1) patterned |ayers fornmed beneath the
spi-n-on-gl ass (SOG sandw ch conposite planarizing dielectric |ayer
constructions are not damaged when form ng the spin-on-glass (SO5 sandw ch
conposite planarizing dielectric |layer constructions; and (2) apertures or
vias may be formed wthin or through the spin-on-glass (SOG sandw ch
conposite planarizing dielectric |ayerg _constructions w thout passing

t hrough the spin-on-glass (SOG planarizing dielectric |layers of the

spi n-on-glass (SOG sandw ch conposite planarizing dielectric |ayer
constructions. Particularly desirable are nmethods and materials which
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met hod of limted process conplexity. It is towards these goals that the
present ipgitemed yer farthgsdront the sblsiraigiand theqpatterned layer also has a lower portion of the
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upon the first conformal dielectric layer a spin-on-glass (SOG) plan-arizing dielectric layer. The
spin-on-glass (SOG) planarizing dielectric layer is formed over both the upper portion of the first
conformal dielectric layer and the lower portion of the first conformal dielectric layer, The spin-
on-glass (SOG) planarizing dielectric layer has a thickness upon the lower portion of the first
conformal dielectric layer greater than the depth of the aperture within the patterned layer. There
is then planarized through a chemical mechanical polish (CMP) planarizing method the spin-on-
glass (SOG) planarizing dielectric layer and the upper portion of the first conformal dielectric
layer to form a planarized spin-on-glass (SOG) planarizing dielectric layer substantially coplanar
witha partially.planarized first conformal dielectric layer. The planarizing is undertaken without
exposing the upper portion of the patterned layer. Finally, there is formed upon the planarized
spin-on-glass (SOG) planarizing dielectric layer and partially planarized first conformal dielectric

layer a second conformal dielectric layer.

The present invention provides a method through which a spin-on-glass (SOG)
sandwich composite planarizing dielectric layer construction may be formed within an integrated
circuit, where a patterned layer formed beneath the spin-on-glass (SOG) sandwich composite
planarizing dielectric layer construction is not damaged when forming the spin-on-glass (SOG)
sandwich composite planarizing dielectric layer construction. Through the method of the present

invention, the spin-on-glass (SOG) planarizing dielectric layer and the first conformal dielectric



A second’object of the present invention is to provide a nethod through

whi chra spin-on-glass (SOG sandw ch conposite planarizing dielectric

| ayer construction may be forned wthin an integrated circuit, where
apertures or vias may be formed within or through the spin-on- glass (SOG
sandwi ch conposite planarizing dielectric |ayer construction w thout

passi ng through the spin-on-glass (SOG planarizing dielectric |ayer of

t he spin-on-glass (SOG sandwi ch conpagite planarizing dielectric |ayer
constructi on. A third object of the present invention is
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planarizing dielectric layer construction may be formed within an integrated circuit, where a

patterned layer formed beneath the spin-on-glass (SOG) sandwich composite planarizing dielectric
layer construction is not damaged when forming the spin-on-glass (SOG) sandwich composite

planarizing dielectric layer construction

The present invention provides a method through which a spin-on-glass (SOG)
sandwich composite planarizing dielectric layer construction may be formed within an integrated
circuit, where apertures or vias may be formed within or through the spin-on-glass (SOG)
sandwich composite planariziﬂé dielectric layer construction without passing through the spin-on-
glass (SOG) planarizing dielectric layer of the spin-on-glass (SOG) sandwich composite
planarizing dielectric layer construction. Through the method of the present invention, 2 second
conformal dielectric layer is formed upon a planarized spin-on-glass (SOG) planarizing dielectric
layer and a substantiallyn coplanar partially planarized first conformal dielectric layer when forming
a spin-on-glass (SOG) sandwich composite planarizing dielectric layer construction. Through
forming an aperture or via within or through the portion of the spin-on-glass (SOG) sandwich
composite planarizing dielectric layer construction where the second conformal dielectric layer is
formed upon the partially planarized first conformal dielectric layer, there may be formed an
aperture or via within or through the spin-on-glass (SOG) sandwich composite planarizing

dielectric layer construction without passing through the spin-on-glass (SOG) planarizing



patterned |l ayer further fromthe substrate and the patterned | ayer al so has
a lower portion of the patterned |ayer closer to the substrate. There is
then fornmed upon the patterned layer a first confornmal dielectric |ayer.
The ‘first conformal dielectric |layer has an upper portion of the first
conformal dielectric |ayer fornmed upon the upper portion of the patterned

| ayer and a | ower portion of the first conformal dielectric |ayer forned
closer to the substrate. There is then,formed upon the first confornal
dielectric layer a spin-on-glass (SOG5 planarizing dielectric |ayer. The
spi n-on-glass (SOG planarizing dielectric layer is formed over both the
upper portion of the first conformal dielectric |ayer and the | ower
portion dielédng: hydr o tHeQPQni@hss ¢S OGP sdndivichcay@osite Pihafigihg dieleotticddyess ( SOG)
pl anarizing dielectric [ayer has a thickness upon the | ower portion of the
first caohorigdbndi electric |ayer greater than the depth of the aperture
within the patterned |ayer. There 1is then planarized through a chem cal
mechani cal polish (CWP) planarizing nmethod the spin-on- glass (SOG

pl anarizing dielectric |ayer and the upper portion of the first confornal
dielectric |ayer {Themethodafphespresentiedentipn is-readily messfa¢tgadje adof fimited ng
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construction. Throug e nethod o he present
prior to forming the second conformal dielectric layer within the spin-on-glass (SOG) sandwich

planarizing dielectric layer construction; and (2) replaces a chemical-mechanical polish (CMP)
planarizing of the second conformal dielectric layer within the spin-on-glass (SOG) sandwich
composite planarizing dielectric layer construction with a chemical-mechanical polish (CMP)
planarizing of the spin-on-glass (SOG) planarizing dielectric layer and the first conformal
dielectric layer within the spin-on-glass (SOG) sandwich composite planarizing dielectric layer

construction. Thus, the method of the present invention has limited process complexity.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present invention are understood
within the context of the Description of the Preferred Embodiment, as set forth below. The
Description of the Preferred Embodiment is understood within the context of the accompanying

drawings, which form a material part of this disclosure, wherein:



I nventi.on, the spin-on-glass (SOG planarizing dielectric layer and the
first conformal dielectric

-9-  layer within the spin-on-glass sandwi ch conposite planarizing
dielectri'c layer construction are planarized through a chem cal - nechani cal
polish (CWP) planarizing nethod to forma planarized spin-on-glass (SOG
pl anarizing dielectric layer and a partially planarized first conformal
dielectric |ayer wthout exposing the patterned |ayer. Thus, since the
patterned | ayer is not reached throughiithe chem cal - mechani cal polish
(CWP) planarizing nethod of the present invention, the present invention
provi des a net hod through which a spin-on-glass (SO sandw ch conposite

pl anari zi ng di el ect %i c. layer cgqnst,ruct i on naa)j be formed within an
integrated circuit, FighésROWs a sshematic geass-pesjiendl digsrauillpstiating thetnherent limitation

i n-on- gl SOG) _sandwi ch ite planarizing djelectric, |
RANTRRLY s TR R R T -
COMPOS & Bk ARSIk SLESIKOE) LAYEI SORRANS e BBine i, (o
sandwi ch c@mRRRlSRHRNRAA e Aol lig I the LAYer construction may be formed

within an integrated “cireuit, where apertures or vias may be fornmed wthin
or through the spin-on-glass (SOG sandw ch conposite planari zing
dielectric layer construction w thout passing through the spin-on- gl ass

(SOG) p L anari zi ng diFiy 264 FigC6 biwed sepies b ehanitkd chids-Sctisfal AR Ens SRR Wi the
conposite )
results of progressive process stages in forming within an integrated circuit a pair of spin-on-glass
(S0G) sandwich composite planarizing dielectric layer constructions as inter-level dielectric (ILD)

layers within the integrated circuit.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a method for forming within an integrated circuit,
such as an ultra-large scale integrated (ULSI) circuit, a spin-on-glass (SOG) sandwich composite
planarizing dielectric layer construction in a fashion such that: (1) a patterned layer formed
beneath the spin-on-glass (SOG) sandwich composite planarizing dielectric layer constructions is
not damaged when for;ﬂing the spin-on-glass (SOG) sandwich composite planarizing dielectric
layer construction; and (2) an aperture or via may be formed within or through the spin-on-glass
(SOG) sandwich composite planarizing dielectric layer construction without passing through the
spin-on-glass (SOG) planarizing dielectric layer of the spin-on-glass (SOG) sandwich composite
planarizing dielectric layer construction. In addition, the method through which the spin-on-glass
(SOG) sandwich composite planarizing dielectric layer construction of the present invention is

formed is readily manufacturable and of limited process complexity.



pl anari zi'ng dielectric layer construction. Through the nethod of the
present invention, a second conformal dielectric layer is fornmed upon a
pl anari-zed spin-on-glass (SO planarizing dielectric |ayer and a
substantially coplanar partially planarized first conformal dielectric

| ayer when formng a spin-on-glass (SOG sandw ch conposite planarizing
dielectric layer construction. Through formng an aperture or via within
or through the portion of the spin-on-gtéass (SOG sandw ch conposite

pl anarizing dielectric |ayer construction where the second confornal
dielectric layer is formed upon the partially planarized first conformal
dielectric layer, there may be fornmed an aperture or via within or through
t he spin-on-gl ass [TBOMethedpiibe presewipesiitreaghlesesthe firegpingigalsstbtaugh | ayer
construction w thout passing through the spin-on-glass (SOG planarizing
- 10 - phnwoizng thraughayhemiosl-méebanigsl polish(GVEY 9lansDid)g weathddia spinemrglassi t e

pl anari zi&%; dielectric layer construction. ) . The net hod of
t he preséhPG) plassrizingrdi¢lectpelayiriagd adirn farformal iietectriedayst withisi the spin-on-glass s
conpl exi The net hod of, the present invention provides for a novel

t | ) ,
or deri ng (é@G) sandegshpoaposiie riafetizing diclesicilaysr FrnsHudionip form aplanasizedsnip-on-
known in the f integrated.circuit .fabricatian. Thu he .met hod of
o oS (St Slnging Heiie 67, Sihstanial G opBaA Tk . camaally Aaerices
nmet hods conventional. i ri. of form Spi N- QN- S
eandvi oh CouRR RRERRT a8 Briod A rotitnd bhor s PRSI SRl 6 ST vt Ane: noo
of the prees&iic hibfaRl iR bartladty pahdrPed e Sofformal dielectric layer a second conformal
dielectric layer. The partially planarized first conformal dielectric layer, the planarized spin-on-
glass (SOG) planarizing dielectric layer and the second conformal dielectric layer form the spin-
on-glass (SOG) sandwich composite planarizing dielectric layer construction formed through the

method of the present invention.

The spin-on-glass (SOG) sandwich composite planarizing dielectric layer
construction formed through the method of the present invention may be formed as a dielectric
layer within integrated circuits of many types. The spin-on-glass sandwich composite planarizing
dielectric layer construction formed through the method of the present invention may be formed
within integrated circuits including but not limited to dynamic access memory (DRAM) integrated
circuits, static randonr acecess memory (SRAM) integrated circuits, application specific integrated
circuits (ASICs), integrated circuits having within their fabrications field effect transistors (FETSs),
integrated circuits having within their fabrications bipolar transistors and integrated circuits having

within their fabrications bipcler complementary metal oxide semiconductor (BiCMQS) transistors.

Referring now to Fig. 2 to Fig. 6, there is shown a series of schematic cross-
sectional diagrams illustrating the results of progressive process stages in forming within an

integrated circuit a pair of spin-cn-glass (SOG) sandwich composite planarizing dielectric layer
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reactiverion etch (RIE) etchback processing of the spin-on-glass (SOG

pl anarizing dielectric layer prior to formng the second conf ornal
dielectric layer within the spin-on-glass (SOG sandw ch planarizing
dielectric layer construction; and (2) replaces a chem cal - mechani cal
polish (CwWP) planarizing of the second conformal dielectric layer within
the spin-on-glass (SOG sandw ch conposite planarizing dielectric |ayer
construction with a chem cal - nechani cal yalish (CWP) planarizing of the
spi n-on-glass (SOG planarizing dielectric |layer and the first confornal
dielectric layer within the spin-on-glass (SO5 sandw ch conposite
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advant ages of the present invention are understood he context of

t he Descr iipti-lveldfeldchiz (R leyer fstmbdrapsti the piir ofygnekd E&bﬁdlcdiﬁhﬁw laydt€within
Description of the Preferred Enbodi nent is understood within the context of

t he acconphhipiegtpted circaini A@Bqugminecmefhucdwmquanm pfithe pratitod off thetiresenti isventisnr e,
wher ei n: 1 shows a schematic
cr oss- sectilistrates aspigoaralass (SR aadwigh mi@qsm@a@ﬁ@mg idielecticilayer construction

formed separating pairs of patterned conductor layers, the spin-on-glass (SOG) sandwich
composite planarizing dielectric layer construction formed through t-he method of the present
invention may also be formed upon patterned layers which are not patterned conductor layers.
Shown in Fig. 2 is a schematic cross-sectional diagram of the integrated circuit at an early stage in

its formation.

Shown in Fig. 2 is a semiconductor substrate 30 having formed within and upon its
surface a pair of isolation regions 322 and 32b which define the active region of the
semiconductor substrate 30. Although semiconductor substrates are known in the art with either
dopant polarity, many dopant concentrations and various crystallographic orientations, for the
preferred embodiment of the method of the present invention, the semiconductor substrate 30 is
preferably a (100) silicon semiconductor substrate having an N- or P- doping. Similarly, although
it is generally known in the art that isolation regions may be formed within integrated circuits
through methods inciudiﬁg but not limited to isolation region growth methods and isolation region
deposition/patterning methods, for the preferred embodiment of the method of the present
invention the pair of isolation regions 32a and 32b is preferably formed through a thermal
oxidation isolation region growth method where isolation regions 32a and 32b of silicon oxide are
formed within and upon the semiconductor substrate 30 through selective oxidation of portions of

the semiconductor substrate 30.



of an apéerture width and an aperture aspect ratio within a patterned | ayer
in formng upon the patterned |layer a spin-on-glass (SO sandw ch
conposi.te planarizing dielectric layer construction through a nethod
conventional in the art. Fig. 2 to Fig. 6 show a series of
schematic cross-sectional diagrans illustrating the results of progressive
process stages in formng within an integrated circuit a pair of

spi n-on-gl ass (SOG sandwi ch conposite-planarizing dielectric |ayer
constructions as inter-level dielectric (ILD) layers within the integrated
circuit. DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
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conpl exi twithin integrated circuits.

For example, gate oxide layers are typically, although not exclusively, formed
within field effect transistors (FETs) for use within integrated circuits through patteming through
methods as are conventional in the art of blanket gate oxide layers formed within those integrated
circuits. The blanket gate oxide layers may be formed within integrated circuits through methods
including but not limited to blanket gate oxide layer growth methods and blanket gate oxide layer
deposition method through which are formed blanket gate oxide layers typically, although not
exclusively, of silicon oxide. Similarly, gate electrodes are typically, although not exclusively,
formed within field effect transistors (FETs) for use within integrated circuits through analogous
patterning methods, as are known in the art, of blanket layers of gate electrode materials. The
blanket layers of gate electrode materials may be formed through methods including but not
limited to thermally assisted evaporation methods, chemical vapor deposition (CVD) methods and
physical vapor deposition (PVD) methods through which may be formed blanket layers of gate
electrode materials formed from materials including but not limited to metals, metal alloys, highly
doped polysilicon and polycides (highly doped polysilicon/metal silicide stacks). Finally, the
source/drain regions are typically formed within field effect transist.ors (FETs) for use within.

integrated circuits through ion implantation methods employing dopant ions of polarity suitable to



- 12 - ° The nethod of the present invention achieves the
foregoing goals through planarizing through a chem cal - nechani cal polish
(CWP) planarizing nethod a spin-on-glass (SOG planarizing dielectric

| ayer and a first conformal dielectric |ayer within the spin-on-glass

(SOG) sandwi ch conposite planarizing dielectric |ayer construction to form
a planarized spin-on- glass (SOG planarizing dielectric |ayer
substantially coplanar with a partial Lyisplanarized first conformnal
dielectric layer prior to form ng upon the planarized spin-on-glass (SOG
planarizing dielectric layer and the partially planarized first confornal
dielectric layer a second confornmal dielectric |ayer. The partially

pl anari zed first conformal dielectric |ayer, the planarized spin-on- glass
(SO0 pl ahasbia e Haflidis éfmgfax&xredwe foRgecsecond conformal dielectric

| ayer formthe spin- SOG) sandwi ch conposite planari zing
dielectric | ayer constructlon formed through the nethod of the present

i nventi on. The spin-on-glass (SOG sandw ch conposite

pl anari zi ng di el ectHor thel prgferred ernbrsitmant of the rethoded thelpresegthintendomehegate of t he
present invention may be formed as a dielectric layer within integrated
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circuit a pair of spin-on-glass (SO5 sandw ch conposite planarizing

di el ect ri blahke @ate oxide layer at a thickness of from about 500 to about 3000 angstroms. Finally, for
the preferred embodiment of the method of the present invention, the pair of source/drain regions
38a and 38b is preferably formed through implanting through an ion implantation method as is
known in the art a suitable dopant ion into the active region of the semiconductor substrate 30
employing the gate oxide layer 34 and the gate electrode 36 as a mask at an ion implantation dose

of from about 1E14 to about SE15 dopant ions per square centimeter and an ion implantation

energy of from about 30 to about 100 keV,

There is also shown within Fig. 2 the presence of a blanket planarized pre-metal
dielectric (PMD) layer 40. Methods and materials through which planarized pre-metal dielectric
(PMD) layers may be formed within integrated circuits are known within the art of integrated
circuit fabrication. Planarized pre-metal dielectric (PMD) layers are typically formed within
integrated circuits through planarizing through methods as are conventional in the art of
conformal pre-metal dielectric (PMD) layers formed within integrated circuits. In turn, conformal

pre-metal dielectric (PMD) layers may be formed within integrated circuits through methods



- 13 - constructions in the locations of a first inter-level dielectric
(ILD) layer formed separating a pair of patterned first conductor |ayers
froma pair of patterned second conductor |layers and a second inter-Ievel
dielectric (ILD) layer fornmed upon the pair of patterned second conduct or

| ayers within the integrated circuit. Al though the preferred enbodi nent of
the nmethod of the present invention illustrates a spin-on-glass (S0OG
sandwi ch conposite planari zi ng dielquﬁgq_layer construction forned
separating pairs of patterned conductor | ayers, the spin-on-glass (SOG
sandwi ch conposite planarizing dielectric |ayer construction forned

t hrough the nmethod of the present invention may al so be fornmed upon
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sem cond or ‘'substrate 30 having forned within and upon its surface a

pair of {rsalgAtvith haolBimdldnfndaldeomenl ebleatelt (P Ny emaifidicectrRahQerad t he

sem conduct or substrate 30. Although sem conductor substrates are known in
the art iscludingibuhiest linfire® aniiliqenloaide dielecninyatetiapsa silicaronitide diebdcironsat erfutk and
various crystallographic orientations, for the preferred enbodi nent of the
met hod ofilitdneoxynieddenticléomiembtedals. Fdrehesmafeoed embedmentiolf shermetbod36f thepresent
preferably a (100) silicon sem conductor substrate having an N- or P-
dopi ng. Bivanticay the blanketiptangtized pre-metal dielectric (PMD) layer 40 is pre erably formed through
planarizing through a reactive ion etch (RIE) etchback plananizing n;ethod or chemical-mechanica
polish (CMP) planarizing method as is conventional in the art of a blanket conformal pre-metal
dielectric (PMD) layer formed of a silicon oxide dielectric material deposited through a plasma
enhanced chemical vapor deposition (PECVD) method, as is also common in the art. Preferably,
the thickness of the blanket planarized pre-metal dielectric (PMD) layer 40 is from about 5000 to

about 15000 angstroms.

As is understood by a person skilled in the art, under certain circumstances it may
be desirable to employ the spin-on-glass (SOG) sandwich composite planarizing dielectric layer
construction formed through the method of the present invention in place of the above described
blanket planarized silicon oxide dielectric layer formed through a plasma enhanced chemical vapor
deposition (PECVD) method when forming the blanket planarized pre-metal dielectric (PMD)
layer 40. The circumstance under which it may be desirable to employ the spin-on-glass (SOG)
sandwich composite planarizing dielectric layer construction formed through the method of the
present invention when forming the blanket planarized pre-metal dielectric (PMD) layer 40 will be
defined principally but not exclusively by the step-height, aperture width and aspect ratio of the
integrated circuit device features formed upon the semiconductor substrate 30. Typically the
integrated circuit device features formed upon the semiconductor substrate 3¢ will not

simultaneously possess a sufficiently high step-height, a sufficiently narrow aperture width and a
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t it .is generally known in the art that isolation regions may be forned
~within integrated circuits through nethods including but not linmted to

- 1solation region growh nmethods and isolation region deposition/patterning
" nmethods, for the preferred enbodi nent of the nethod of the present

I nvention the pair of isolation regions 32a and 32b is preferably forned
through a thermal oxidation isolation yggion growh nethod where isolation
regions 32a and 32b of silicon oxide are formed within and upon the

sem conduct or substrate 30 through selective oxidation of portions of the
sem conduct or substrate 30.
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series of peopgapents which forms the field effect transistor (FET) upon

t he activg region of the sem conductor substrate 30 may be forned through
any of several nethods as are conventional in the art of formng field
effect transistors (FETs) wthin integrated circuits. For

exanpl e, gate oxi deFin@AKe fifereis Shdwtidth w%. hithe preidnedigt Pt ofpafbisd HAL Yondhakred

within field effect transistors (FETs) for use wthin.integrated circuits

t hrough pédytsrdna agd 43t forrgéd upon the blanket planarized pre-metal dielectric (PMD) layer 40.
Methods and materials through which patterned conductor layers may be formed within integrated
circuits are known in the art of integrated circuit fabrication. Patterned conductor layers are |
typically, although not exclusively, formed within integrated circuits through patterning through
methods as are conventional in the art of blanket conductor layers formed within integrated
circuits. Blanket conductor layers may be formed within integrated circuits through methods
including but not limited to thermally assisted evaporation methods, electron beam assisted
evaporation methods and physical vapor deposition (PVD) sputtering methods through which
may be formed blanket conductor layers of conductor materials including but not limited to
metals, metal alloys and highly doped polysilicon. For the preferred embodiment of the method of
the present invention, the patterned first conductor layers 42a and 42b are preferably formed
fh:ough patterning through a reactive ion etch (RIE) etch patterning method as is common in the
art of a blanket first conductor layer formed at least in part of an aluminum containing conductor
alloy, as is also common in the art. Preferably, the patterned first conductor layers 42a and 42b so

formed have a thickness H2 of from about 4000 to about 10000 angstroms.

While the method of the present invention provides value in forming a spin-on-
glass (SOG) sandwich composite planarizing dielectric layer construction with minimal process

complexity for any width W3 and aspect ratio H2/W3 of the aperture defined by the patterned
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-met hods as are conventional in the art of blanket gate oxide |ayers forned
“within those integrated circuits. The bl anket gate oxide |ayers nmay be
formed . within integrated circuits through methods including but not

limted. to bl anket gate oxide |ayer growth methods and bl anket gate oxide

| ayer deposition nethod through which are fornmed bl anket gate oxide |ayers
typically, although not exclusively, _ofgsilicon oxide. Simlarly, gate

el ectrodes are typically, although not exclusively, formed within field
effect transistors (FETs) for use within integrated circuits through

anal ogous patterning nethods, as are known in the art, of blanket |ayers
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For the preferred enbodi nent of the nethod of the présent invention, the
gat e oxi de abpeyeratid H2/ W3 [of eeipadniry defiedtst thdpapieered Hindt kefdtictvy 14versonza andrezi)ods

as are conventional in the
the method of the present invention provides particular value since the method of the present
invention incorporates a chemical-mechanical polish (CMP) planarizing method where a
comparatively thin lower lying conformal dielectric layer may be formed upon the patterned first
conductor layers 42a and 42b and partially planarized without exposing the patterned first
conductor layers 42a and 42b while serving as a polish stop layer when chemical-mechanical
polish (CMP) planarizing a spin-on-glass (SOG) planarizing dielectric layer formed upon the

comparatively thin lower lying conformal dielectric layer through the chemical-mechanical polish

(CMP) planarizing method.

Referring now to Fig, 3, there is shown a schematic cross-sectional diagram
illustrating the results-of further processing of the integrated circuit whose schematic cross-
sectional diagram is illustrated in Fig. 2. Shown in Fig. 3 is the presence of a blanket first
conformal dielectric layer 44 formed upon the integrated circuit whose schematic cross-sectional
diagram is illustrated in Fig. 2. Methods and materials through which blanket conformal dielectric
layers may be formed within integrated circuits have previously been disclosed herein, within the
context of the blanket planarized pre-metal dielectric (PMD) layer 44. Similarly to the blanket
planarized pre-metal dielectric (PMD) layer 40, the blanket first conformal dielectric layer 44 is

preferably formed of a silicon oxide dielectric material deposited through a plasma enhanced



art of a bl anket gate oxide layer formed through thermal oxidation of the
active region of the sem conductor substrate 30 at a tenperature of from
about 900 to about 1100 degrees centigrade to form a bl anket gate oxide

| ayer of:typical thickness about 50 to about 100 angstrons. In addition,
for the preferred enbodi nent of the method of the present invention, the
gate electrode 36 is preferably fornmed through patterning through nethods
as are conventional in the art of a bl¥hket |ayer of highly doped

pol ysilicon or polycide gate electrode material formed upon the bl anket
gate oxide layer at a thickness of from about 500 to about 3000 angstrons.
Finally, for +the preferred enbodi nent of the nethod of the present

i nvent i orchetnival yapor deposision (REC VD pinethbd; gireftiably 2implaing aliconsoyrce foaresidl snch
formed through inplanting through an ion inplantation nethod as is known in
the art aasdut netbiméted op tatta-éthyl-orthoilicite (HEOS ver sileny, althouih biher sethiodoardiuct or
substrate 30 enploying the gate oxide |layer 34 and the gate el ectrode 36 as
a mask atmataridlomay bptmploped iofordungthe bianket first atnfotmal Bielectriz layeod4. BEdlbgaislyant
ions per square centinmeter and an ion inplantation energy of from about 30
to about Wintheabove discussion within the Descripiignef the Related drtothe mdximim thickpessovitthe

presence of. a bl anket_ planarized pre-netal dielectric (P\VD), |ayer 40.
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Also shown in Fig. 3 is the presence of a blanket first spin-on-glass (SOG)
planarizing dielectric layer 46 formed upon the blanket first conformal dielectric layer 44.
Methods and materials through which blanket spin-on-glass (SOG) planarizing dielectric layers
may be formed within integrated circuits are known in the art. Methods through which blanket
spin-on-glass (SOG) planarizing dielectric layers may be formed within integrated circuits
typically include spin coating and thermal curing methods through which a spin-on-glass (SOG)
planarizing composition is spin coated and thermally cured upon an integrated circuit to form a
spin-on-glass (SOG) planarizing dielectric layer upon the integrated circuit. Several varieties of
spin-on-glass (SOG) planiarizing compositions are known in the art, including but not limited to
inorganic silicate spin-on-glass (SOG) planarizing compositions, organo-functional siloxane spin-
on-glass (SOG) compositions, and fluoro-functional spin-on-glass (SOG) planarizing
compositions. Each of the preceding spin-on-glass (SOG) planarizing compositions typically
includes solvents and other additives as are appropriate to provide optimal spin-on-glass (SOG)
planarizing compositions and spin-on-glass (SOG) planarizing dielectric layers. For the preferred
embodiment of the method of the present invention, the blanket first spin-on-glass (SOG)

planarizing dielectric layer 46 may be formed of an inorganic silicate spin-on-glass (SOG)



i ncluding but not limted to chem cal vapor deposition (CVvD) nethods,

pl asma enhanced chem cal vapor deposition (PECVD) nethods and physi cal
vapor deposition (PVD) sputtering nethods through which may be forned
conformal” pre-nmetal dielectric (PVMD) |ayers of dielectric materials
including but not limted to silicon oxide dielectric materials, silicon
nitride dielectric materials and silicon oxynitride dielectric materi als.
For the preferred enbodi ment of the netgod of the present invention, the
bl anket planarized pre-netal dielectric (PVD) layer 40 is preferably forned
t hrough planarizing through a reactive ion etch (R E) etchback planarizing
nmet hod or chem cal -nmechanical polish (CW) planarizing nmethod as is
conventi o electric (PMD)
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f or med t hiplangfiziag diklastria layahdtis datmet ¢ora tlatknessreater thapthe heigltrH 86 B)erraes hod
when form ng the bl anket planarized pre-netal dielectric (PMD) |ayer 40.
The ci rcurﬁ@g%ﬂdd%' thepasternadificst condustoy layersdSsiand B2ty as dlustiasedip Higi. Typically, the
spi n-on-glbi%i (SO, sandwi ch conposite planarizing dielectric |ayer

const r uct iWAsketdirshsaineen-glagSOR plasetving deleqtrie layerdtewillhave aihigknessof finan
formng the bl anket planarized pre-netal dielectric (PVD) |ayer 40 wll be
defined praPAiZ98P tabaut 17000 a8g#QmS vel y by the step-height, aperture width
and aspect ratio of the integrated circuit device features forned upon

t he sem conductor substrate 30. Typically the Integrated circuit device

features formed Uporke;“erxlgngs Sow ?ooﬁg.uf Eh%:ge S bosvsnr & gc er%gticv%rgsls-sggt&onal diagram

)

t he

illustrating the results of further processing of the integrated circuit whose schematic cross-
sectional diagram is illustrated in Fig. 3. Shown in Fig. 4 is the result of planarizing through a -
chemical mechanical polish (CMP) planarizing method the blanket first spin-on-glass (SOG)
planarizing dielectric layer 46 to form the planarized first spin-on-glass (SOG) planarizing
dielectric layers 46a, 46b and 46¢ while simultaneously partially planarizing the blanket first
conformal dielectric layer 44 to form the blanket first partially planarized conformal dielectric
layer 44", In order for the method of the present invention to provide optimal value in forming a
spin-on-glass (SOG) sandwich composite planarizing dielectric layer construction when there is
employed a comparatively thin blanket first conformal dielectric layer 44 due to a narrow width
W3 and high aspect ratio H2/W3 of the aperture defined by the patterned first conductor layers
42a and 42b, it is preferred within the preferred embodiment of the method of the present
invention that the blanket first conformal dielectric layer 44 serve as a polish stop layer when
chemical-mechanical polish (CMP) planarizing the blanket first spin-on-glass (SOG) planarizing

dielectric layer 46 to form the planarized first spin-on-glass (SOG) planarizing dielectric layers



si nul t aneously possess a sufficiently high step-height, a sufficiently
narrow aperture width and a

- 17 - - sufficiently high aspect ratio to warrant enploying the
spi'n-on-gl ass (SOG sandw ch conposite planarizing dielectric |ayer
construction formed through the nethod of the present invention when

form ng the bl anket planarized pre- me:t_ail dielectric (PMD) layer 40,

al t hough such is not precluded. Finally, there is shown in
Fig. 2 the presence of a pair of patterned first conductor |ayers 42a and
42b formed upon the bl anket planarized pre-netal dielectric (PMD) |ayer 40.
Met hods and nmaterials through which patterned conductor |ayers nay be

orre iy Lot 88 L LA 3016, SRRl el LSRR
ot vl e TR LU R 4 5 e BRUDBEHE O,

formed wit.hiB: 1Nt i | t -he fornmed
B R g R S M

t her mal | ViedtricThyRek £62406Y Aidi480 hid EHeeiSoal-Rleifhical JUSH(TMP Pickdcidty QMG RAI AL | ON
nmet hods and physical vapor deposition (PVD) sputtering nmethods 't hrough

whi ch mapldnketffiost 3pid-dal- glass €S OGP pldnerizing diasoaﬁ‘sla{aér 4eavithurespett waheblagies first
including but not limted to nmetals, netal alloys and highly doped

pol ysi | i conforfral dicldetricdayef d4 ofat leasbabdun®iit of the nethod of the present

I nvention, the patterned first conductor |ayers 42a and 42b are preferably
formed through patterning through a reactive ion etch (RIE) etch
patterning method as is common in th

e
While such a chemical-mechanical polish (CMP) selectivity ratio has not

traditionally been achievable with silica based chemical-mechanical polish (CMP) polishing
slurries as are conventional in the art, there has recently been disclosed in the art the use of cerium
oxide chemical-mechanical polish (CMP) polishing slurries through which such a chemical-
mechanical polish (CMP) selectivity ratio may be achieved. See, for example Tredinnick et al., as
cited within the Description of the Related Art, as above, where the teachings of Tredinnick et al.
are incorporated herein fully by reference. Various parameters of a cerium oxide chemical
mechanical polish (CMP) polishing slurry may be varicd in order to realize the desired chemical-
mechanical polish (CMP) selectivity ratio, the parameters including but not limited to: (1) the pH
of the slurry; (2) the weight percent cerium oxide in the slurry; (3) the particle size distribution of
the cerium oxide within the slurry; (4) the presence of additives within the slurry; and (5) the
hardware parameters employed within the chemical-mechanical polish (CMP) planarizing method

employing the slurry.

In accord with the teachings of Tredinnick et al., a prophetic example of a cerium
oxide chemical mechanical polish (CMP) polishing slurry applicable within the preferred
embodiment of the method of the present invention would include: (1) a comparatively large

cerium oxide particle size of about 350 nanometers (nm); (2) a comparatively small cerium oxide



art ‘of a blanket first conductor layer formed at least in part of an

al um num cont ai ni ng conductor alloy, as is also conmmon in the art.
Preferably, the patterned first conductor |ayers 42a and 42b so fornmed have
a thickness H2 of from about 4000 to about 10000 angstrons.

Whil e the nethod of the present invention provides value in formng a
spin-on- glass (SOG sandw ch conposibe_pl anarizing dielectric layer
construction with mnimal process conplexity for any width WB and aspect
ratio H2/ WB of the aperture defined by the patterned

- 18 - first conductor layers 42a and 42b, the nmethod of the present

I nvention provides particular value in formng a spin-on-glass (SOG

wath ve SHPPASTERRNT whel el o5 ) f oM iR AE RE By B dkoln
Bt v b e SRR Rle B ERInERB AR otk ph iR ol dchEy hERGRR ud e
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Description of the Related Ar er these nore Fimted ranges

wi dt h VB sptidor-Biass (S6RR Plankdit o¥ifioR st AREd-Bighsl NG 418 8likeBYiokdhE spin-

patterped@fi rst co(ng)ﬁtcppr- Iayg;crdsﬂ%!ﬂa gnd 42b, th*eghmet hod of ?ﬁe prg 1(Ialnt

i nvent i ororpglassi(866) @&hsﬁmgh@imp\éﬁtimaﬁ dhemidahmeciRhiegichotith PdeRegVty ratio

i nvention incorporates a chem cal - mechani cal polish (Cw) planarizing

met hod wheitlerespect anpbinmitct varfyrniahdislettaivdormeyt iofig silicsf exidedepdiiedielxongica | ayer

may be formed upon the patterned first conductor |ayers 42a and 42b and

parti al | ycheminabvdppedeposition (€ VDX method gmploging atttaethyebrihiorsiitcated FREODSE b o2 siliegrer s

42a and 42b while serving as a polish stop | ayer when chem cal - mechani cal
source material of about 5.7:1.

As i3 shown in Fig. 4, the blanket first spin-on-glass (SOG) planarizing dielectric
layer 46 has been planarized to yield the planarized first spin-on-glass (SOG) planarizing dielectric
layers 46a, 46b and 46c¢, and the blanket first conformal dielectric layer 44 has been partially
planarized to yield the blanket first partially planarized conformal dielectric layer 44' to a point
such that the upper surfaces of the planarized first spin-on-glass (SOG) planarizing dielectric
layers 46a, 46b and 46¢, and the blanket first partially planarized conformal dielectric layer 44' are
substantially coplanar. For the purposes of the method of the present invention, the upper
surfaces of the planarized first spin-on-glass (SOG) planarizing dielectric layers 46a, 46b and 46c,
and the blanket first pértiﬁlly planarized conformal dielectric layer 44' are substantially coplanar if
there may be formed upon those layers a subsequent blanket second conformal dielectric layer
without need for additional planarizing of the subsequent blanket second conformal dielectric

layer.

Referring now to Fig. 5, there is shown a schematic cross-sectional diagram
illustrating the results of further processing of the integrated circuit whose schematic cross-

sectional diagram is illustrated in Fig. 4. Shown in Fig. S is a schematic cross-sectional diagram



polish (CWMP) planarizing a spin-on-glass (SO5 planarizing dielectric |ayer
formed upon the conparatively thin |ower lying conformal dielectric |ayer

t hrough -t he chem cal - nechani cal polish (CWP) planarizing method.

Referring nowto Fig. 3, there is shown a schematic cross-sectional diagram
Illustrating the results of further processing of the integrated circuit
whose schematic cross- sectional diagramis illustrated in Fig. 2. Shown
in Fig. 3 is the presence of a bl anket 2fiTst conformal dielectric | ayer 44
formed upon the integrated circuit whose schematic cross-sectional diagram
is illustrated in Fig. 2. Methods and materials through which bl anket

conf or mal dielectric Iayers may be formed within integrated circuits have
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- 19 - chemccgérvapor deép83|t|on (PECVD r’?et h%d0 sparne]p-xear%asthrou gﬁcﬁé‘c’a
silicon sfnee thelaketdecsniddonformalltidlechdd laydr A8 refrably equ uwalent to the methods
tetra-ethyl-ortho-silicate (TECS) or silane, although ot nmet hods and

mat eri al sa!nhmahaaleﬂmbugheﬂtnc}rnsfmdlﬁ@lﬂh&ebﬂiratfdoaforﬁmhﬁéleﬂﬁufagém Hiovedvegt ri c
| ayer 44. Anal ogously w th the above discussion within the Description of
t he Rel at ¢he blanket sebendrmmxfonmah didiéatdaleyes 4&iig typicaltyi anid préferably dlklesr tHanrthe blanket

conformal dielectric layer 44 may typically be forned-void free is
first conformal dielectric layer 44, although the blanket second conformal dielectric layer 48 may

be substantially thinner than upper lying conformal dielectric layers formed within spin-on-glass

(SOG) sandwich composite planarizing dielectric layer constructions as are conventional in the art
since the blanket second conformal dielectric layer 48 needs no additional planarizing. Preferably,
the blanket second conformal dielectric layer 48 has a thickness of from about 4000 to about 8000

angstroms,

Upon forming within the integrated circuit whose schematic cross-sectional
diagram is illustrated in Fig. 5 the blanket second conformal dielectric layer 48, there is formed an
integrated circuit having formed therein a spin-on-glass (SOG) sandwich composite planarizing
dielectric layer construction formed from the blanket first partially planarized conformal dielectric
layer 44/, the planarizéd ﬁrst spin-on-glass (SOG) planarizing dielectric layers 46a. 46b and 46c,
and the blanket second conformal dielectric layer 48. In accord with the objects of the present
invention, the spin-on-glass (SOG) sandwich composite planarizing dielectric layer construction
so formed: (1) may be formed without damaging the patterned first conductor layers 42a and 42b;
and (2) may have vias formed through the blanket second conformal dielectric layer 48 and the
blanket first partially planarized conformal dielectric layer 44', reaching the patterned first

conductor layers 42a and 42b without passing through the planarized first spin-on-glass (SOG)
planarizing dielectric layers 46a, 46b and 46¢.



detérminéd at least in part by the width WB and the aspect ratio H2/ W8 of
the aperture defined by the patterned first conductor |ayers 42a and 42b.
Preferably, the thickness of the blanket first conformal dielectric |ayer
44 .is preferably from about 2000 to about 6000 angstrons.

Al so shown in Fig. 3 is the presence of a blanket first spin-on-glass (SOQG
pl anarizing dielectric |ayer 46 fornmed upon the bl anket first conformal
dielectric layer 44. Methods and mat er2dals t hrough whi ch bl anket

spi n-on-glass (SOG planarizing dielectric layers may be formed within
integrated circuits are known in the art. Methods through which bl anket

spi n-on-glass (SOG planarizing dielectric layers may be fornmed within

ot hode. ©hr ough whi ShSTRERReS R BB B8R 47 By B TRee e
SP1 1 COat Gl LGl AR RO BB s ST i Yy O

spi n-on-g pl'anarizing’ diel'ectric l'ayer "upon ‘Tntegrated
circuit. @%&ﬁd@wmdxﬁaeegétéafcircﬁpadarogaugdoaﬁém{egg%d BtRR3MHEE RemPRG@Slst | ONS
are known in the art, inCluding but not limted to inorganic silicate

spi n- on- gk&tidndl Sag)anpils AnBiritéd HOFiI€ NG ithdnQipdn e ghivefrel BRE comitelor Fyk@x ane
spin- on-glass (SO5 conpositions, and fluoro-functional spin-on-glass
(SOQ) pl ascteimatingrosseoticml iagram.of Gevhlan ditegrired piredeidilhgtrapd irkig-@l ass (SOQ
pl anari zing conpositions typically includes solvents and other additives
as are appropriate to provide optimal spin-on-glass (SO5 planarizing
conposi tions and spin-on-glass (SOG planarizing dielectric layers. For the
preferred enbodi nefikowwt intHig ies kegmatic ¢rpss-ssetianghdiagramenfen stegrathd cituitnk et
first spin-on-glass (SOG planarizing dielectric_|layer 46 nmay be fornmed of
an inor ga,qfhf,ngqsq: PRUENAEns [§] the gﬁeg&tg@gr@g@@pse schematic cross-sectional diagram is

illustrated in Fig. 5 but through whose blanket second conformal dielectric layer 48 and blanket

first partially planarized conformal dielectric layer 44' is formed, through methods as are
conventional in the art, a pair of vias defined by a series of patterned second conformal dielectric
layers 48a, 48b and 48c, and a corresponding series of patterned first partially planarized
conformal dielectric layers 44a’, 44b’ and 44¢’. The pair of vias has formed therein 2 pair of
conductive interconnection studs 50a and 50b. Methods and materials through which conductive
interconnection studs may be formed within integrated circuits are known in the art of integrated
circuit fabrication. Conductive interconnection studs may be formed within integrated circuits
through methods including but not limited to thermally assisted evaporation methods, electron
beam assisted evaporatio.ri methods and physical vapor deposition (PVD) sputtering methods
through which may be formed conductive interconnection studs of conductive materials including
but not limited to metals, metal alloys and highly doped polysilicon. For the preferred
embodiment of the method of the present invention, the conductive interconnection studs 50a and
50b are preferably formed at least in part of tungsten metal deposited through a chemical vapor
deposition (CVD) method, as is common in the art. The conductive interconnection studs 50a
and 50b are preferably formed of a thickness sufficient to reach the upper surfaces of the

patterned second conformal dielectric layers 48a, 48b and 48¢ while simultaneously contacting the



- 20 - pl anari zi ng conposition, an organo-functional sil oxane

spi n-on-glass (SOG planarizing conposition or a fluoro-functional

spi n-on-gl ass (SOG planarizing conposition provided that a chemn cal
mechani cal polish (CWP) selectivity ratio for the blanket first

spi n-on-glass (SOG planarizing dielectric layer 46 with respect to the
bl anket first conformal dielectric layer 44 is wthin a specified range,
as di scussed below. Preferably, the blankKet~first spin-on-glass (SOG

pl anarizing dielectric layer 46 is formed to a thickness greater than the
hei ght H2 of the aperture defined by the patterned first conductor |ayers
42a and 42b, as illustrated in Fig. 2. Typically, the blanket first

spi n-on-glass (S | anar.i zi ng, dielectric |layer 46 will have a thickness
of from 3%5???8%%&8@9 it cqr rLﬁW@‘s‘{zla(%ﬁgb' Referring
now to Fig. 4 there is shown a schematic cross-sectional diagram
illustrating the results of further processing of the integrated circuit
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44" . In order for the method of the present invention.to provide optinal
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dielectric layer construction when there is enployed a conparatively thin

bl anket f forgied ¢untgir methods, mhatedinls and timeesiont4quivaleitao thexasthedy, whamtibls and
dimensions employed in forming the pair of patterned first conductor layers 42a and 42b.
Analogously, the blanket third partially planarized conformal dielectric layer 54' is preferably
formed through methods, materials and dimensions equivalent to the methods, materials and
dimensions employed in forming the blanket first partially planarized conformal dielectric layer
44'. Similarly, the series of planarized second spin-on-glass (SOG) planarizing dielectric layers
564, 56b and 56¢ is preferably formed through methods, materials and dimensions equivalent to
the methods; materials and dimensions employed in forming the planarized first spin-on-glass
(SOG) planarizing dielectric layers 46a, 46b and 46c. Finally, the blanket fourth conformal
dielectric layer 58 is preferably formed through methods, materials and dimensions equivalent to
the methods, materials and dimensions employed in forming the blanket second conformal

dielectric layer 48.

Uﬁbn forming the blanket fourth conformal dielectric layer 58, there is formed an
integrated circuit having formed therein a second spin-on-glass (SOG) sandwich composite
planarizing dielectric layer construction upon a pair of patterned second conductor layers 52a and
52b. The second spin-on-glass (SOG) sandwich composite planarizing dielectric layer

construction consists of: (1) the blanket third partially planarized conformal dielectric layer 54';



WB and hi gh aspect ratio H2/WB of the aperture defined by the patterned
first conductor layers 42a and 42b, it is preferred within the preferred
enbodi ment of the nmethod of the present invention that the blanket first
conformal dielectric |layer 44 serve as a polish stop | ayer when

cheni cal - mechani cal polish (CGW) planarizing the blanket first

spi n-on-glass (SOG planarizing diel %:trl c layer 46 to formthe planarized
first spin-on-glass (SO3 planarizing“dielectric |ayers

- 21 - 46a, 46b and 46¢. Typically and preferably it i's desired that
the chem cal mechanical polish (CW) planarizing met hod enployed in
pl anari zi

t he bl anket first spin-on-gl ass | anarJ zi n i.el ectric
| ayer 26D3R W?@eﬁ@mm-@é@gﬁ (S@ﬁ)géwm GiE 3 %@@)56&%5% ﬁ%ﬁﬁgﬁﬂ
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di scl ose &e¥ U oxi de cheni cal - mechani cal pol i sh
(CwP) polishing slurries through which such a chem cal -

As is understood by a person skilled in the art, the p;efened embodiment of the
present invention and the prophetic example of the cerium oxide chemical mechanical polish
(CMP) slurry composition employed within the preferred embodiment of the method of the
present invention are illustrative of the present invention rather than limiting of the present
invention, Modifications may be made to methods, materials, structures, and dimensions through
which is provided the preferred embodiment of the present invention and prophetic example of the
cerium oxide chemical mechanical polish (CMP) slurry composition employed within the
preferred embodiment of the method of the present invention while still providing an embodiment
and shurry composition within the spirit and scope of the present invention, as encompassed by the

appended claims.
What is claimed is:

—
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‘mechani cal polish (CWMP) selectivity ratio may be achi eved. See,—for—exanpl e
Tredinnick et al., as cited within the Description of the Related Atg as
above;, where the teachings of Tredinnick et al. are igpgospobial Y in
fully by reference. Various paraneters of a cerium oxid T e \

mechani cal polish (CW) polishing slurry may be varied W$‘\

the desired chem cal- nechanical polish (CW) selectivi atro, the
paraneters including but not limted to: “(4) the pH of the slurry; (2) the
wei ght percent ceriumoxide in the slurry; (3) the particle size

di stribution of the ceriumoxide within the slurry; (4) the presence of
additives within the slurry; and (5) the hardware paraneters enpl oyed

wi thin the chenj calyReTent | P 2k 10|
the slurry. R m U@i‘foﬁﬁimgﬁ&ladgg g?éﬂ%%ttﬁﬁ%eﬁgﬁ{egggﬁgr?g? tggqtﬁi ggﬁ%ﬂ?%@g‘et
al ., a prophet l&-?ﬁs@%ﬂi@riaf cotnpfositd plaRarigp dRIeHR Ty bodtBa bR corlpdsbi sh
(CWP) polishing slTurry applicable wthin the preferred enbodi nent of the
met hod of the presengrovidivgatsilsseratepul d i nclude: (1) a conparatively large
cerium oxide particle size of about 350 nanoneters (nm); (2) a

conpar atively snal | fosningmpaxihesubstrate a patterned layer, the patterned layer having a minimum

- 22 - concentration of about 3 weight percent; and (3) a conparatively
| ow pH of aboutofong aperture fngmed ateast partipgllyshiough theipatterord tyers therraterined layer
mechani cal polish, (CWP) polishing slurry there would be ol i shed a bl anket
spi n-on- gl ass (4Ming aﬁlﬂﬁﬁﬁrﬂ%%@fgh@m%@mﬂ&ayprafygherffmm SPE%’?#% the patterned

si | sequi oxane . . i
g layer also having a lower portion of the patterned layer closer to the substrate;

lize

forming upon the patterned layer a first conformal dielectric layer, the first
conformal dielectric layer having an upper portion of the first conformal dielectric layer
formed upon the upper portion of the pattemned layer and a lower portion of the first
conformal dielectric layer formed closer to the substrate;
forming upon the first conformal dielectric layer a spin-on-glass (SOG) planarizing
dielectric layer, the spin-on-glass (SOG) planarizing dielectric layer being formed over
both the upper portion of the first conformal dielectric layer and the lower portion of the
first conformal dielectric layer, the spin-on-glass (SOG) planarizing dielectric layer having
' a thickness upon the lower portion of the first conformal dielectric layer greater than the
depth of the aperture within the patterned layer;
planarizing through a chemical mechanical polish (CMP) planarizing method the
spin-on-glass (SOG) planarizing dielectric layer and the upper portion of the first
conformal diclectric layer to form a planarized spin-on-glass (SOG) planarizing dielectric
layer substantially coplanar with a partially planarized first conformal dielectric layer, the
planarizing being undertaken without exposing the upper portion of the patterned layer;
and
forming upon the planarized spin-on-glass (SOG) planarizing dielectric layer and

partially planarized first conformal dielectric layer a second conformal dielectric layer.

L



’spi n-on-gl ass (SOG planarizing conposition, such as Allied-Signal No. 418
-si | sequi oxane spin- on-glass (SOG planarizing conposition at a

‘chemi cal - mechani cal polish (CMP) selectivity ratio with respect to a

bl anket ‘conformal dielectric formed of a silicon oxide deposited through a
chem cal vapor deposition (CVvD) nethod enploying tetra-ethyl-ortho-silicate
(TECS) as a silicon source nmaterial of out 5.7:1. As
is shown in Fig. 4, the blanket first spimf-on-glass (SOG3 planarizing
dielectric |ayer 46 has been planarized to yield the planarized first

spi n-on-glass (SOG planarizing dielectric |ayers 46a, 46b and 46c, and
the bl anket first conformal dielectric |ayer 44 has been partially

pl anari zed to2yiThkethethvd diichiik @ twhetdirsthe padthiofitieyappitave avithirethe panéraediater is
dielectric layer 44" to a point such that the upper surfaces of the

pl anari zed fi Ifimim shouh2e00-tglabert 30BDB)gsprbmp and thie mgpedi mtie of the@pertayg evithindiia,
46b and 46c, and the blanket first partially planarized confornal

di el ectric | ayetteraed laygrés greatosthamabiout By copl anar. For the purposes of the
nmet hod of the present invention, the upper surfaces of the planarized
first spin-on-glass (SOG planarizing dielectric |layers 46a, 46b and 46c,

and the bl anket first riiall | angri zed conforpgal dielectrjc |ayer, 44
are substanti al| cé’EﬁS’P‘gﬁgﬁé‘i’f’ ly‘Y’EPég’éﬁ\?ﬁ Ckness Qétﬁ%gghmﬁomﬁgé@fep%%gr 5
subsequent bl gnket, s d confo | dielectric layer wthout need for
addi tional pl gﬂ’é‘? ?bﬂ“ﬁg‘? totaﬁgutsi?ggén"‘fﬁt“s'bl anket second conf or nal
dielectric |layer. Referring now to Fig. 5, there is
shown a schenmatic cross-sectional diagramillustrating the results of

further pr ocesﬁiﬂg_ﬂéth§41&élmqg& gf circuit whose schematic cross-

sectional diagramis illustrated in Fig. 4. Shown in Fig. 5 is a schematic
cross-sectional di 8¢ &% conformal dielectric layer is formed from a silicon oxide dielectric material

deposited through a plasma enhanced chemical vapor deposition (PECVD) method
employing a silicon source material chosen from the group of silicon source materials
consisting of tetra-ethyl-ortho-silicate and silane; and

the spin-on-glass (SOG) planarizing dielectric layer is formed from a spin-on-glass
(SOG) planarizing composition chosen from the group of spin-on-glass (SOG)
planarizing compositions consisting of inorganic silicate spin-on-glass (SOG) planarizing
compositions, organo-functional siloxane spin-on-glass (SOG) planarizing compositions

and fluoro-functional spin-on-glass (SOG) planarizing compositions.

5. The method of claim 4 wherein the chemical mechanical polish (CMP) method employs

a cerium oxide (CeO) slurry composition.

6. The method of claim 5 wherein the chemical mechanical polish (CMP) method has a
chemical mechanical polish (CMP) selectivity ratio for the spin-on-glass (SOG) planarizing

dielectric layer with respect to the first conformal dielectric layer of at least about 5:1.




- 23 - of an integrated circuit analogous to the integrated circuit
whose schematic cross-sectional diagramis illustrated in Fig. 4 but upon
whose surface is formed a bl anket second conformal dielectric |ayer 48
whi ch needs no additional planarizing. Methods and materials through which
Is fornmed the blanket second conformal dielectric |ayer 48 are preferably
equi valent to the nethods and nateriﬂsa&hrough which is forned the

bl anket first confornal dielectric |ayéer®44. However, the bl anket second
conformal dielectric layer 48 is typically and preferably thicker than the
bl anket first conformal dielectric |ayer 44, although the bl anket second
conformal dielectric layer 48 may be substantially thinner than upper

shndvi ch corbobia BERFERE i TR b coRblRRe Mt B SRl isBRE (g Tiin
conventi Onala&g%ﬁé‘tﬂagéﬁmaﬁ- nce the bl anket second confornal dielectric .

| ayer 48 nee I'onal planarizing. Preferably, the blanket second
conformal dielectric |ayer 48 has a thickness of from about 4000 to about

8000 angstrons. Upon formng within the integrated
circuit whosg gg b8 cEbRIRT ' Tal st ' g, 5
t he bl anket secoﬁ%%tﬁ€81?nal gﬁgﬂr&e{i\?ter?%ggﬁ%gfgﬁg%%@fésah%g%gagﬁg@

integrated cplamiizing [Aa¥dctit lhyef 6BtrhftRmeh BecdrdRith tiRndh@ber fa8E sandwi ch
conposite planarizing dielectric |ayer construction fornmed fromthe

bl anket first partially planarized conformal dielectric |ayer 44', the
pl anari zed first spin-on-glass (SOG5 planarizing dielectric |ayers 46a. 46b
and 46¢, an® Theintsgeatédetircait 06 claimcdwhereinethe itograsest circpit lhag/efield 8ffedtn accor d
with the objects of the present

transistor (FET) formed therein.

10. A method for forming through a spin-on-glass (SOG) sandwich composite planarizing
dielectric layer construction within an integrated circuit a via to a patterned conductor
layer formed beneath the spin-on-glass (SOG) sandwich composite planarizing dielectric
layer construction comprising:

providing a substrate;

forming upon the substrate a patterned conductor layer, the patterned conductor
layer having a minimum of one aperture formed at least partially through the patterned

conductor layer, the patterned conductor layer having an upper portion of the patterned
conductor layer further from the substrate, the patterned conductor layer also having a
lower portion of the patterned conductor layer closer to the substrate;

forming upon the patterned conductor layer a first conformal dielectric layer, the
first conformal dielectric layer having an upper portion of the first conformal dielectric
layer formed upon the upper portion of the patterned conductor layer and a lower portion
of the first conformal dielectric layer formed closer to the substrate;

forming upon the first conformal dielectric layer a spin-on-glass (SOG) planarizing

dielectric layer, the spin-on-glass (SOG) planarizing dielectric layer being formed over

R0 R O



I nvention, the spin-on-glass (SO sandw ch conposite planari zing
dielectric layer construction so forned: (1) nay be fornmed w thout
damagi ng .the patterned first conductor |ayers 42a and 42b; and (2) may
have vias forned through the bl anket second confornmal dielectric |ayer 48
and the blanket first partially planarized conformal dielectric |ayer 44",
reaching the patterned first conductor |ayers 42a and 42b w t hout passing
through the planarized first spin-on-gBlss (SO5 planarizing dielectric

| ayers 46a, 46b and 46c.

- 24 - As is understood by a person skilled in the art,
the spin-on-glass (SOG sandw ch conposite planarizing dielectric |ayer
construction as illustrated_.in Fig. 5 nmay, be formed jn _locations within an
i nt egrat ed OPHHF BPRERAPRIgRO5thedirgt ﬁenfpﬁ@ségwgpw?%weqd the {gyes ogoRaitle ¢

cross- sectignal.diagramis illustrated in_Fig. .5 qther than_ upon {he
pat t er ned fitﬁlrgtco'?:fBHB"gg’(e@thc @b’éﬁé#ﬁ W‘“’%MP@S&IW‘%Q‘ﬂeﬁtﬁﬁllayaﬁ bayIgm of
such an int ated circuit is illustrated in Fig..5.. . Shown
TR o 6 Rk Fhehthe bopisZadratl Bt BRFY cottmaltisfeouls vt grtst than ther con
ot herwi se equli t he,i [ ' [t ose schenatic
cross-sectiggg(}ﬁlcfi?%gatpg%r}esw}m gg‘.‘ﬁ%&&%‘?} Iréa'. but through whose bl anket
second conformal o ' : aPﬂ#ﬁ‘iﬁ ' &&[r{gl
pl anarized conf opﬁﬁﬁﬁ@é?gﬁfﬂgé%ﬁ%s or &%@?S?qﬁ?pug Iﬁ‘rrél:ﬁtl%dotcﬁ'g as are
convent i onalspinton-§1£ss IOG) BlakitiAngHielthitSlapt? ahd e UpYerdodidd GFihOfirspat t erned
second conformal dielectric .

conformal dielectric layer to form a planarized spin-on-glass (SOG) planarizing dielectric

layer substantially coplanar with a partially planarized first conformal dielectric layer, the
planarizing being undertaken without exposing the upper portion of the patterned
conductor layer;
forming upon the planarized spin-on-glass (SOG) planarizing dielectric layer and
partially planarized first conformal dielectric layer a second conformal dielectric layer; and
forming a via sequentially through the second conformal dielectric layer and the
partially planarized first conformal dielectric layer to the patterned conductor layer

without passing through the planarized spin-on-glass (SOG) planarizing dielectric layer.

11. The method of claim 10 wherein the width of the aperture within the patterned
conductor layer is from about 2000 to about 8000 angstroms and the aspect ratio of the

aperture within the patterned conductor layer is greater than about 2.

12, The method of claim 10 wherein the thickness of the first conformal dielectric layer is

from about 2000 to about 6000 angstroms.

13. The method of claim 10 wherein:

the first conformal dielectric layer is formed from a silicon oxide dielectric material

* c L M S *




| ayers 48a, 48b and 48c, and a corresponding series of patterned first
partially planarized conformal dielectric |ayers 44a', 44b' and 44c'. The
pair of -vias has fornmed therein a pair of conductive interconnection studs
50a and 50b. Met hods and materials through which conductive

I nterconnection studs nmay be formed within integrated circuits are known in
the art of integrated circuit fabricatjon. Conductive interconnection
studs may be fornmed within integrated circuits through nethods incl udi ng
but not limted to thermally assisted evaporation nethods, electron beam
assi sted evaporation nmethods and physical vapor deposition (PVD) sputtering
nmet hods through which may be forned conductive interconnection studs of

conduct i ve riepeyited tigrobghtd plainidenhidi¢td bitdmital Wagor depaitivRt(PES VD) &iettlodal | oys and
hi ghly doped polysilicon. For the preferred enbodinent of the nethod of

t he present emplayitg siliconseurce mdtedsli chesenrftom thepraugt éfGilicen smiscefaedalsl 50b
are preferably forned at least in part of tungsten netal deposited through
a chemi cal \@postingdd paimai-¢thyrorthesiiratevadsitine;agdi s conmmon in the art. The
conductive interconnection studs 50a and 50b_are preferably fornmed of a

t hi ckness suf f i citbhspin-gn-glaseplananaing gistactriclayen isdformsd from a spiatoneglaséd second

conformal dielectric layers 48a, 48b and 48c while sinultaneously ..
contacting tRinanzing compgls?t{on chosen from the group of sg\{fr]l-on-glass g}énar?mng comp%smons - 25

- correspondi n atterned first cand ayer. 42a or,.42b.
Final Lyt e EeRtrah ety icale spibtoneing (SO plspiing Grmdsteay BRI onduct or
layers functional siloxane spin-on-glass (SOG) planarizing compositions and fluoro-functional

spin-on-glass (SOG) planarizing compositions.

14. The method of claim 13 wherein the chemical mechanical polish (CMP) method

employs a cerium oxide (CeO) slurry composition,

15. The method of claim 14 wherein the chemical mechanical polish (CMP) method has a
chemical mechanical polish (CMP) selectivity ratio for the spin-on-glass (SOG) planarizing

dielectric layer with respect to the first conformal dielectric layer of at least about 5:1.

16. The method of claim 10 further comprising forming a field effect transistor (FET)

within and upon the substrate.

17. Anintegrated circuit having formed therein a spin-on-glass (SOG) sandwich
composite planarizing dielectric layer construction having formed therethrough a via in

accord with the method of claim 10.

18. The integrated circuit of claim 17 wherein the integrated circuit has a field effect

transistor (FET) formed therein.
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52a and 52b which contact the pair of conductive interconnection studs 50a
and 50b; (2) a blanket third partially planarized conformal dielectric

| ayer 54'; (3) a series of planarized second spin-on- glass (SOG

pl anarizing dielectric layers 56a, 56b and 56¢; and (4) a bl anket fourth
conformal dielectric |layer 58. The pair of patterned second conductor

| ayers 52a and 52b is preferably fornmed through nethods, materials and

di mensi ons equi val ent to the nethods, 3zmterials and dinensions enployed in
formng the pair of patterned first conductor |ayers 42a and 42b.

Anal ogousl t he bl anket third partially planarized conformal dielectric

| ayer 54 APYANCED(INTER4IEVEL DIRLRETREG GEED) MAYRROHOR STHICON BlERAsntRGHi SGALE ONS
equi val ent to the nethods, INBtcRArED Sueg ceichensi ons enpl oyed in forning
the bl anket first partially planarized conformal dielectric |ayer 44'.
Simlarly, the series of pl ABSTRACTOETHE PISOLOSUREISSs (SOG) pl anari zi ng
dielectric layers 56a, 56b and 56¢c is preferably forned through nethods,
mat eri al s and di nmensi ons equivalent to the nethods, materials and

di mensi ons enployed in formng the planarized first spin-on-glass (SOG

pl anari zi ng di el ectAimgthog\fer formigg forase upand prsternetilayar wighin am integratod eircuitaur t h

conformal .dielectrjc layer. 58 is preferaply, forped through, nethods,
material s Sﬂﬁ‘@“ﬁ%@wwﬁh Gompasite planarizimg diglactiicdayer fepstrpetians andap

0 s, o0 SRR SRR B S35 O G o R
dielectrig: i s f | nt Cj i i f. d
0 oot 0 RSl 3 PR ROLAL B3, | ARl

di el ectri Ea&ﬁ&rlg%g%’égﬁ%géggoﬁ‘ pPﬁhr@isQﬁénrngéegR%g%ggébgagﬁ@%@ é&g& dagiguict or

| ayers 52a and nd spin-on-g conposite

pl anari zi agsere |a%§trcb§fohﬂéd%Eelecﬁi?;ﬁ&}elf.u'@ﬁér@l% th@ITohiddSupeh thelfinkt dofiforRbianket

third partially planarized conformal dielectric |ayer 54

dielectric layer a spin-on-glass (SOG) planarizing dielectric layer to a thickness greater than the
thickness of the patterned layer. There is then planarized through a chemical-mechanical polish
(CMP) plararizing method the spin-on-glass (SOG) planarizing dielectric layer and the first
conformal dielectric layer, without exposing the patterned layer, to form a planarized spin-on-
glass (SOG) planarizing dielectric layer and a partially planarized first conformal dielectric layer.
Finally, there is formed upon the planarized spin-on-glass (SOG) planarizing dielectric layer and

the partially planarized first conformal dielectric layer a second conformal dielectric layer.

(FIGURE 2 IS SUGGESTED FOR PUBLICATION)



- 26- (2) the planarized second spin-on-glass (SOG planarizing
dielectric |layers 56a, 56b and 56c¢c; and (3) the blanket fourth confornal
dielectric layer 58. The second spin-on-glass (SOG sandwi ch conposite
planarizing dielectric layer construction exhibits the properties as noted
above for the spin-on-glass (SOG sandwi ch conposite planari zing
dielectric layer construction formed upoW® the patterned.first conductor

| ayers 42a and 42b. As |W2mderstood by a person skilled
in the art, the pref erred embodi nent of t present invention and the
prophetic exanpl e of the cerium oxide ch c'al nmechani cal polish (Cw)
slurry conposition enployed within the preferred enbodi nent of the nethod
of the present invention are iIIustrat%_ _?!t he present invention rather
than limting of the present invention! MdiT'ications may be nmade to

met hods, materials, structures, rare—ei-ARRSI Ops—thedgh Wwhich is provi ded
the preferred enbodi nent of thejpresertsihnventp pr ophet i xanpl e of
the cerium oxide chem cal mechan| cal pbl shf (CVP) sl Urry conpds$itiohn
enpl oyed within the preferred ¢npodynent| of} tjhe thad of the}-ﬁn[efgnt
invention while stillgprovidrmg ah ¢gnbodi e anyd sj U I 16
within the spirit and scopeofthepresent T TIVET]T O, —das €Ic setby t he
appended cl ai ns.
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-27- CLAIMS 1. A nethod for formng for use upon a patterned layer within
an integrated circuit a spin- on-glass sandw ch conposite planari zing

di el ectric layer construction conprising: provi di ng a substrate;
form ng upon the substrate a patterned | ayer, the patterned | ayer having a
m ni rum of one aperture forned at |east partially through the patterned

| ayer, the patterned | ayer having an ugper portion of the patterned | ayer
further fromthe substrate, gﬁagatterned | ayer al so havphg a | ower portion
of the patterned |ayer closer t he substrate; form ng upon the
patterned |layer a first conform dlelectrlc Iayer the/first

conf or mal

dielectric |ayer having : gi el ectric
| ayer fornmed upon the upper and af | ower
portion of the first conformal g-elpetriec—t shoser tolthe
substrat e; OLA+¥ th i £d] i ayer a
spi n-on-gl ass (SOG "pl agari zi ng {di JAC ’ i ass (SOG
pl anari zing dielectric fayer beiing/ 50 q : i on of
the first conformal didglectric ljay t >t /| i f _thejfirst
conf or nmal dielectrﬂe$La¥e¢, the s gt ope anari zi ng difel ectric

| ayer having a thickness
dielectric |ayer g4Bate
patterned |ayer;

upon the Tower portion of the first confprnal
an the depth of the aperture within tHe
planarizing thrqough a chem cal nechanica{ polish

(CWP) planarizing neth gl ags (SO?) pl anari zi ctric

| ayer and the upper porftion of th i confofnml diel getric | aye orm
a planarized spi n-baaglis T rT} | ayer su a&??
coplanar with a parti al st/ cgnf ol dielectric |dyer, the
pl anari zi ng bei ng undertyaken w t hoy# expodi ng the upgper portion t he
patterned | ayer; &d formAhg upon/th¢ planafi zed spin-on-tgl ass

(SOG planarizing dielegtric |ayef and partially planarized first\conformal

dielectric |ayer a second conforwal dielectric layer.
- 28 - 2. The method of cl &38al whededn I Be W@ of the aperture within
the patterned |layer is fromabout 2000 to about 8000 angstrons and the

aspect ratio ofﬁ'h?[a@r'iure ghi n the
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FIG. 4



patterned Iayer is greater than about 2. 3. The method of claim1l wherein
the thickness of the first conformal dielectric layer is from about 2000
to about 6000 angstrons. 4. The method of c¢laim 1l wherein: t he
first conformal dielectric layer is formed froma silicon oxide dielectric
material deposited through a plasma enhanced chem cal vapor deposition
(PECVD) nethod enploying a silicon source nmaterial chosen fromthe group
of silicon source materials consistin% gf tetra-ethyl-ortho-silicate and
silane; and t he spi n-on-gl ass ( OG5 planarizing dielectric |ayer
is formed froma spin-on-glass (SOG planarizing conposition chosen from
the group of spin-on-glass (SOG planarizing conpositions consisting of

i norgani ¢ silicate spin-on- glass (SOG planarizing conpositions,
organo-functional siloxane spin-on-glass (SOG planarizing conpositions
and fluoro-functional spin-on-glass (SOG planarizing conpositions. 5.
The nmethod of claim4 wherein the chem cal nechanical polish (CW) nethod
enploys a ceriumoxide (CeO slurry conposition. 6. The nethod of claim
5 wherein the chem cal nechanical polish (CW) nethod has a chem cal /
mechani cal polish (CW) selectivity ratio for the spin-on-glass (SOQG

pl anarizing dielectric layer wwth respect to the first conformal
dielectric layer of at |east about 5:1.

409  4Bb 42b
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460\15 W ) p— (
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N
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/7
38a 34 36 38b

FIG. 5



- 29 -, , 7. The nethod of claim1l1 further conprising formng a field
efféct transistor (FET) within and upon the substrate. 8. An integrated
circuit having formed therein a spin-on-glass (SOG sandw ch conposite

pl anarizing dielectric |ayer construction in accord with the method of
claim1. 9.. The integrated circuit of claim@8 wherein the integrated
circuit has a field effect transistor (FET) forned therein. 10. A nethod
for form ng through a spin-on-glass (SO5 sandw ch conposite planari zing
dielectric layer construction within,g integrated circuit a viato a
patterned conductor |ayer forned beneath the spin-on-glass (SOG5 sandw ch
conposite planarizing dielectric [|ayer construction conprising:

provi di ng a substrate; form ng upon the substrate a patterned
conductor |ayer, the patterned conductor |ayer having a mninmum of one
aperture forned at |east partially through the patterned conductor |ayer,
the patterned conductor |ayer having an upper portion of the patterned
conductor |ayer further fromthe substrate, the patterned conductor |ayer

al so having a |lower portion of the patterned conductor |ayer closer to the
substrat e; form ng upon the patterned conductor |ayer a first
conformal dielectric layer, the

S2a 48b 56b 52b

) )
(/]

\ / S56¢c

' 48c¢c
| \;—_\‘_;11750b
SN
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. o t6b
40 . 44pb"
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Hfirst'conformal’ dielectric layer having an upper porti dnged. RN SHEET
conformal dielectric |ayer formed upon the upper porti cnnE-P*t-hE"p‘at’T‘é"r'Ted
| ayer formed closer to the substrate; form ng jupon™the first |
conformal dielectric layer a spin-on-glass (SOG planarj zi-ng—di&T&€ctric
| ayer, the spin-on-glass (SOG planarizing dielectric |pyer being forrrg_q_“[
over - 26 - - 1Bt the
upper portion of the first conformal dielectric |layer and the | ower portion
of the first conformal dielectric layer, the spin-on-glass (SOG

pl anarizing dielectric |layer having a thickness upon the | ower portion of
the firs{Zxthaplniriled Sécdhé gfifi-ion-glay SOG) slatagizing divtectielayste péd) 566 and5c; and
aperture within the patterned conductor |ayer; pl anari zi ng through
a chemi c4B) thre blankdt fairthpwinformal( ditledtriplaper8i Thegecont 3pin-dnaglass{ FOG) smdyticts s
(SO planarizing dielectric |layer and the upper portion of the first .
conf or naICOmpe&@qx?aﬁanzmgglblecnrb ldyer eanatrition axhibitsithe properties gb nsted ABBE)for the
planarizing dielectric |ayer substantially coplanar with a partially

pl anar i z SBNFon-glassd 8B sandwich composits planasigiog dieldetric lpyen nonstmiction foenedyupon
undertaken w t hout exposi ng the upper portion of the patterned conductor

| ayer; t ePatfemeﬂ(ﬂfﬁcﬁgd%ﬁ?fda}teﬁézﬁIaaﬁéft?-zed spi n-on-gl ass (SOG) planari zi ng
dielectric layer and partially planarized first conformal dielectric |ayer
a second conformal dielectric l|ayer; and formng a via

sequentially through t HeiePeost by £ herion diiled & e 55! the HreseVed erfiodiohent of the

present invention and the prophetic example of the cerium oxide chemical mechanical polish

conductor layer and a |ower portion of the first confarnpl«-di elgctfic

(CMP) slurry composition employed within the preferred embodiment of the method of the
present invention are illustrative of the present invention rather than limiting of the present
invention. Modifications may be made to methods, materials, structures, and dimensions through
which is provided the preferred embodiment of the present invention and prophetic example of the
cerium oxide chemical mechanical polish (CMP) slurry composition employed within the
preferred embodiment of the method of the present invention while still providing an embodiment
and slurry composition within the spirit and scope of the present invention, as encompassed by the

appended claims.



sates
R

Ziconductor layer without passing through the planarized spi BeBiHgHass (SEED
“planarizing dielectric |ayer. 11. The method of claim 10 V\here+-r1~*t-he~ —
‘width of the aperture within the patterned conductor layer |s,fyema

arttal Iy planarized first conformal dielectric layer to the-patterped—-—-

2000 to about 8000 angstronms and the aspect ratio of the ggpFrtuTe Wi thl nti
the patterned conductor |ayer is greater than about 2. . —-*T-he“*ffﬁt"ﬁﬁd‘ -of

claim 10 wherein the thickness of the fi+ &% conformal di eI- i's
from about 200Qm¢ @ abgut 0f [ gst romns. 13. The nethod¥ =
wher ei n: _ he 'i reagmyornmal dielectric |ayer |s-forrredfroma

silicon oxide.

(PEOVD) met epof Aﬁ%ﬁ*%%ﬁ R e ‘a‘i%‘i o3P SRS i AR AR 30
of i1 con souge RRLEKIieh Somfs &ﬂ?k}%ﬁ%g%eléc%éﬁé&gm%mﬁ fbbgabtanet e and

sil ane; and ‘he Spl ss plfanarizin r|c

formed froma spin- Ig@viglng§%ubﬁ}a@éﬁarl zi ng conposition chosen from t he group
of spin-on-glass planariZing conpositions consisting of inorganic silicate

spi n-on-glass (SOO) fophing apb tHRGubsHARASHdteRE layef, i Wutterned layer having a minimum

of one aperture formed at least partially through the patterned layer, the patterned layer
having an upper portion of the patterned layer further from the substrate, the patterned
layer also having a lower portion of the patterned layer closer to the substrate;

forming upon the patterned layer a first conformal dielectric layer, the first
conformal dielectric layer having an upper portion of the first conformal dielectric layer
formed upon the upper portion of the patterned layer and a lower portion of the first
conformal dielectric lﬁyer formed closer to the substrate;

forming upon the first conformal dielectric layer a spin-on-glass (SOG) planarizing
dielectric layer, the spin-on-giass (SOG) planarizing dielectric layer being formed over
both the upper portion of the first conformal dielectric layer and the lower portion of the
first conformal dielectric layer, the spin-on-glass (SOG) planarizing dielectric layer having
a thickness upon the lower portion of the first conformal dielectric layer greater than the
depth of the aperture within the patterned layer;

planarizing through a chemical mechanical polish (CMP) planarizing method the
spin-on-glass (SOG) planarizing dielectric layer and the upper portion of the first
conformal dielectric layer to form a planarized spin-on-glass (SOG) planarizing dielectric
layer substantially coplanar with a partially planarized first conformal dielectric layer, the
planarizing being undertaken without exposing the upper portion of the patterned layer;
and .

forming upon the planarized spin-on-glass (SOG) planarizing dielectric layer and
partially planarized first conformal dielectric layer a second conformal dielectric layer.

Hllllll ) ll||| Il |II|



functi onal sil oxane spi n-on-glass (SOG planarizing conpositions and
fluoro-functional spin-on-glass (SO5 planarizing conpo S 14. The
nmet hod of claim 13 wherein the chem cal nechanical poli shRQ:'BMUEmE,\;wgg %T
enpl oys a cerium oxide (CeO slurry conposition. 15. Th F
14 whergin the chem cal nechani cal poIJI;f (CVWP) net hod 21 @J‘
mechanical polish (CMP) selectivity ra for the spin-qgn-gl ‘ads Bgcecy
planarifging dielectric layer with regpgmsto the first |c e

di el ectyic layer of at |east about 5: 1. 16. The meth¢d of claim 10
further corrprlsmgformngafleld effect transistor (I“—“d ) Ri-A-and_upon
t he subptrat e. ntegrated circu ormed therein a

spi n- on} Br ass X dﬁ%f#ﬂ%“&% OIS B@%@%@Hiﬁﬁ&?’ﬁ W&Wcﬁﬁéﬁpﬁl'd .
construftion : thod o
claim 1b “ﬁ‘%%g SHROIEP CHfiR plving d el A e R fhtbh obpRollE: 0t e
circuit has a fiel grofidieg fa substmtesi st or (FET) forned therein.

31-1 A CLAIMS A nethod for formng for use
upon a patterned | ZSr8HngupAR the, subsiipie s Retéeaned Jayer, (the, pafieraed layer having a

minimum of one aperture formed at least partially through the patterned layer, the

patterned layer having an upper portion of the patterned layer further from the
substrate, the patterned layer also having a lower portion of the patterned layer closer
to the substrate;

forming upon the patterned layer a first conformal dieleciric layer, the first
conformal dielectric layer having an upper portion of the first conformal dielectric layer
formed upon the upper portion of the patterned layer and a lower portion of the first
conformal dielectric layer formed closer to the substrate;

forming upon the first conformal dielectric layer a spin-on-glass (SOG)
planarizing dielectric layer, the spin-on-glass (SOG) planarizing dielectric layer being
formed over both the upper portion of the first conformal dielectric layer and the lower
portion of the first conformal dielectric layer, the spin-on-glass (SOG) planarizing
dielectric layer having a thickness upon the lower portion of the first conformal
dielectric layer greater than the depth of the aﬁerture within the patterned layer, the
épin—on—glass (SOG) planarizing dielectric layer being formed from a fluoro-functional
spin-on-glass (SOG) planarizing composition;

planarizing through a chemical mechanical polish (CMP) planarizing method
the spin-on-glass (SOG) planarizing dielectric layer and the upper portion of the first
conformal dielectric layer to form a planarized spin-on-glass (SOG) planarizing
dielectric layer substantially coplanar with a partially planarized first conformal
dielectric layer, the planarizing being undertaken without exposing the upper portion
of the patterned laye/r.; and

forming upon the planarized spin-on-glass (SOG) planarizing dielectric layer
and partially planarized first conformal dielectric layer a second conformal dielectric

layer. —
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on-gl ass sandw ch conposite planarizing dielectric |ayer

conpri si

a patteg
at

f or med
havi ng

the patferned | ayer also having a | ower

cl oser

conf or

upper pq
portion
di el ectn
first cg
di el ectn
bei ng fd
| ayer af
Spi n- on-
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chem ca
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conf or ng
exposi ng
t he pl an
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di el ectr
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oRstTuctT o

ng: provi ding a substrate; ~ form ng{ REPMACESEETIEER

ned |l ayer, the patterned | ayer having a m ni mrum ¢f yome—aperture

least partially through the patterned |ayer, the|paiterapdiihaye

n upper portion of the patterngq_é ayer further fjom the substratp
portion of the p tt[.er‘nE' et T ayer

1.t he Brometdtiaif Claim 1, wherfethe @irss Ronfotsl qielbdteic Mper isformed fforil at

| dielectric layer, the first conformal dielectrit-tayer Tiavi ng an
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r

brt i on sificoninxide; dielectde frtsrighdepasited dongiva plagias entgperdrhgEigl VAROWI pper

f th tt. ' A I
e 1 ay ot nEe 3 et oRp GhRL s Riicbh 30k izl chllen AGCHED
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ic layer, the spin-on-glass (SOG planarizing dielectric |ayer

rmed over both the upper portion of the first conformal
d the lower portion of the first conf

gl Agesiodion ferring fEouEha BETan-Elass
r port k. | : ' P # t he
(RS BB SR Sk Bl phochei LA ek toidpne
i ng di pyecfomeed bareathbehengpid-ongheds f (BOGH shhdwich-domposiie piinarizing
gl assaéigm)_ pl anari zi ng conposi tion; pl anari zi ng through a
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layer having a thickness upon the lower portion of the first conformal dielectric layer
greater than the depth of the aperture within the patterned conductor layer, the spin-on-
glass planarizing dielectric layer being formed from a fluoro-functional spin-on-glass
(SOG) planarizing composition;
| planarizing through a chemical mechanical polish (CMP) planarizing method
the spin-on-glass (SOG) planarizing dielectric layer and the upper portion of the first
conformal dielectric layer to form a planarized spin-on-glass (SOG) planarizing
dielectric layer substantially coplanar with a partially planarized first conformal
dielectric layer, the planarizing being undertaken without exposing the upper
portion of the patterned conductor layer;
forming upon the planarized spin-on-glass (SOG) planarizing dielectric layer
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forming a via sequentially through the second conformal dielectric layer and
the partially planarized first conformal dielectric layer to the patterned conductor
layer without passing through the planarized spin-on-glass (SOG) planarizing
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