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The pr&SEW"Tnventi én rel ates generally to insulator layers within
mtegrated clffrcuits. Mre particularly, the present invention relates to
met hods for inproving the Chem cal - Mechani cal Polish (CWP) uniformty of
I nsulator layers within integrated circui §s—- 2. Description of the
Rel ated Art As integrated circuit technol ogy has advanced, integrated
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METHOD FOR IMPROVING THE CHEMICAL-MECHANICAL POLISH (CMP)
UNIFORMITY OF INSULATOR LAYERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to insulator
layers within integrated circuits. More particularly,; the presen£
invention relates to methods for improving the Chemical-Mechanical
Polish (CMP) uniformity of insulator layers within integrated

circuits.
2. Description of the Related Art

As integrated circuit technology has advanced, integrated
circuit device and conductor element dimensions have continually
decreasc_ed. while aspect ratios of conductor elements which
interconnect those integrated circuit devices have continually
increased. Thus, it has become increasingly more in.tportant within
advanced integrated circuits to provide manufacturable and reliable
methods for connecting: (1) high aspect ratio conductors with other
high aspect ratio conductors within those integrated circuits, and
(2) high aspect ratio conductors with narrow line-width integrated

circuit devices within those integrated circuits.
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circuit device and conductor el enent dinensions have continually decreased,
.whi | e aspectzratios of conductor el enents which interconnect those

i nt egrdted éircuit devi ces have continually increased. Thus, it has becone
increasingly nore inportant within advanced integrated circuits to provide
manuf acturabl e and reliable nethods for connecting: (1) high aspect ratio
.conductors with other high aspect ratio c3$ductors within those integrated
‘circuits, and (2) high dspect ratio conductors with narrow |ine-wdth
‘integrated circuit devices within those integrated circuits.

i TSMC 95-155

Of the methods for interconnecting high aspect ratio
conductors within advanced integrated circuits and connecting high
aspect ratio conductors with narrow line-width integrated circuit
devices within advanged ihtegrated circuits, methods involving the
formation of interconnection studs or contact studs within
planarized insulator layers have gained the most wide acceptance.
Such methods typically first provide that an insulator layer is
formed upon a semiconductor substrate, the semiconductor substrate
having formed upon its surface high aspect ratio conducFors and/or

. narrow  line-width integrated circuit devices to which
interconnections and/or connections -are desired. The entire

g surface of the insulator layer is then planarized prior to etching
through the planarized insulator 1layer vias into which are

subsequently formed conductive interconnection studs or conductive

contact studs. The planarizing may be accomplished through methods

including but not limited to Reactive Ion Etch (RIE) - etch-back

planarizing methods and Chemical-Mechanical Polish (CMP)

planarizing methods.

Due to its potential for providing planarized insulator
layer's encompassing a wide variety of insulator materials and
process conditions, Chemical-Mechanical Polish (CMP) planarizing
methods have gained wide acceptance in planarizing insulator layers
within integrated circuits. Chemical-Mechanical Polish (CMP)

planarizing methods are not, however, without limitations. In
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-2- O the nmethods for interconnecting high aspect ratio conductors within
advanced |n%egrated circuits and connecting high aspect ratio conductors
'mnth ndrrow’l i ne-wi dt h integrated circuit devices within advanced
lintegrated circuits, methods involving the formation of interconnection
_studs or contact studs within pl anari zed insul ator |ayers have gained the
‘nost wide acceptance. Such.methods typically first provide that an

!i nsul ator |ayer is formed upon a sem conductor substrate, the sem conduct or
isubstrate having formed upon its surface high aspect ratio conductors

-and/ or narro®SMC| 935k dth integrated circuit devi ces to whi ch

i nt erconnecti ons and/or conne |ons are desire ntir
sg ?L %tig is a substra%e laye % upon wh:Lch

resides high volume density patterned layers 4a, 4b, 4c and 44,
which are typically patterned conductor layers. The first three
ﬁigh volume density patterned layers 4a, 4b and 4c reside in high
areal density region R1 of the high volume density patterned layers
! _ 4a, 4b, 4c and 4d. The remaining high volume degsity patterhed
layer 4d resides in low areal density region R2 of the high volume
density patterned layers 4a, 4b, 4c and 4d. Formed upon the
substrate layer 2 and the high volume density patterned layers 4a,
4b, 4c and 44 is a gap filling insulatér layer 6, and %ormed upon
the gap filling insulator layer 6 is a conformal insulator layer 8.
It is the conformal insulator layer 8 which is desired to be
planarized through a Chemical-Mechanical Polish (CMP) planarizing

method.

Shown in Fig. 2 is the result of the Chemical-Mechanical
'Polish (CMP) planarizing of the conformal insulator layer 8 as
illustrated in Fig. 1. Shown in Fig. 2 is the thinning of the
portion of the planarized conformal insulator layer 8' which
resides over the low areal density region R2, in comparison with
the thicker portion of the plana;ized conformal insulator layer 8;
which resides over the high areal density region R1. It is towards
the goal of improving the Chemical-Mechanical Polish (CMP)
uniformity of planarized insulator layers, such as planarized

conformal insulator layer 8', that the present invention is
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surface of the insulator layer is then planarized prior to etching through
the planarizzed insulator layer vias into which are subsequently
forned’condﬁctive i nterconnection studs or conductive contact studs. The
-planari zing may be acconplished through nethods including but not limted
‘to Reactive lon Etch (R E) etch-back planarizing met hods and

:Chem cal - Mechani cal Pol i sh (CWP) plagparizing methods. Due to its
potential for providing planarized insulator |ayers enconpassing a w de
variety of insulator materials and process conditions, Chem cal-Mechani cal
Pol i sh (CVvP) T8ME&N3%TIA5ng net hods have gai ned wi de acceptance in planarizing
I nsul ator | ayers @Aéhin I ntegrated circuits. Chem cal - Mechani cal Polish
(c:'vp) lrecteq. _

While the non-uniform Chemical-Mechanical Polish (CMP)
planarized insulator layers which result from areal density
variations and volume density variations of patterned layers which
underlie those inéulator layers are known in the art, lesser known
in the art are methods by which the non-uniformity within those
Chemical-Mechanical Polish (CMP) planarized insulator layers may be
minimized or eliminated. One possible method to n‘linimize or
eliminate the non-uniformity is to selectively and independently
deposit an additional insulator layer above and/or below those
portions of the insulator layer desired to be planarized which are
expected to have - the highest Chemical-Mechanical Polish (CMP)
planarizing rate. While this method would compensate for localized
increased planarizing rates of the insulator layer desired to be
planarized, the method also §rovides manufacturing complexity and
the formation of an additional interface within the integrated

circuit.

Desirable in the art are methods whereby insulator layers
within integrated circuits may be uniformly Chemical-Mechanical
Polish (CMP) planarized independent of the areal density of high
volume density patterned layers upon which those insulator layers
are formed. Most desirable in the art are methods whereby such

insulator layers may be uniformly Chemical-Mechanical Polish (CMP)
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pl anari zi ng
_particul ar,
uniformity

t hrough t he
first factor

net hods ére not, however, without limtations. I n

it is known in the art that several factors influence the
df pl anari zed insul ator |ayers which have been planarized

Chem cal - Mechani cal Polish (CWP) nmethod. O these factors, a
I's the nechani cal characteristics of the substrate |ayers

resi di ng beneath the insulator |ayer desi¢ged to be planarized. I n
general , substrate |ayers of high volune density will retard
Chem cal - Mechani cal Polish (CWP) planarizing rates of insulator |ayers

resi di ng upor)rsmogg_lhsisgh vol une density

planarized without need for an independently formed additional
patterned insulator layer to compensate areas of the insulator

layer having increased Chemical-Mechanical Polish (CMP) rates.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a
method for uniformly Chemical~-Mechanical Polish (CMP) élanarizing
an insulator layer within an integrated circuit, the uniform
Chemical~Mechanical Polish (CMP) planarizing being undertaken
independent of the areal density of high volume density patterned

layers upon which the insulator layer is formed.

A second object of the present invention is to provide a

- method in accord with the first object of the present invention,

which method may be practiced without need for an independently .
formed additional patterned insulator layer to compensate areas of
the insulator layer having increased Chemical-Mechanical Polish

(CMP) rates.

A third object of the present invention is to provide a
method in accord with the first object of the present invention and
the second object of the present invention, which method is also

manufacturable.
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substrate | ayers. In addition, a second factor is the areal density of
the sub§tratf | ayer upon which is formed the insulator |ayer desired to be
pl anarized. 1 n general, a high areal density of a high volune density
substrate layer will further retard Chem cal - Mechani cal Polish (CWP) rates
of insulator |ayers formed upon those high areal density and hi gh vol une
density substrate |ayers. The disparity_i g Chenical - Mechanical Polish (CW)
pl anari zation rates exhibited by insulator |layers as a function of areal
densities and volunme densities of substrate |ayers which underlie those

i nsul ator | ayeMs $tEdents genuine problens in formng integrated circuits

having uniformy planﬁai%%goLgS&gég(¥he objects of the present invention,

there is provided a method for planarizing through a éhemical-
Mechanical Polish (CMP) method, and with enhanced uniformity, an
insulator layer within an integrated circuit. To practice the
method of the present invention, there i§ first provided a
semiconductor substrate having formed thereupon a patterned layer.
The patterned layer has a volume density greater than the volume
density of an insulator layer to be formed upon the patterned
layer. The patterned layer also has a first region having a high
areal density of the patterned layer and a second regién having a

low areal density of the patterned layer.

In a first embodiment of the method of the present
invention, the second region of the patterned layer is masked. The
first region of the patterned layer is then exposed to a first
plasma which is capable of modifying the first region of the
patterned layer such that the insulator layer will form less
rapidly upon the first region of the patterned layer than upon the
second region of thg paﬁterned layer. The second region of the
patterned layer is then unmasked and the insulator layer is formed
upon the patterned layer. The insulator layer so formed is thicker

over the second region than over the first region.

In a second embodiment of the method of the present

invention, the first region of the patterned layer is masked. The

_
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| ayers across their entire widths. An integrated circuit structure which
denonstrates this problemis illustrated by reference to Fig. 1 and Fig. 2.
-4- Shéwn id Fig. 1 is a substrate layer 2, upon which resides high volume
‘density patterned | ayers 4a, 4b, 4c and 4d, which are typically patterned
‘conductor |ayers. The first three high volune density patterned | ayers 4a,
4b and 4c reside in high areal density _rggion Rl of the high volune density
‘patterned | ayers

TSMC 95-155 .

second region of the patterned layer is then exposed to a second
plasma which is capable of modifying the second region of the
patterned layer such that the insulator layer will form more
rapidly upon the second region of the patterned layer than upon the
first region of the patterned layer. The first region of the
_patterned layer is then unmasked and the insulator layer is formed
upon the patterned layer. The insulator layer so formed is thicker

over the second region than over the first region.

In a third embodiment of the method of the present
invention, the first embodiment of the method of the present
invention and the second embodiment of the method of the present
invention are combined to yield a patterned layer whose first
region is treated with a first plasma and whose second region is
treated with a second plasma. The patterned layer so treated
yields a patterned layer upon which the insulator layer forms much
more rapidly upon the second region of the patterned layer than the
first region of the patterned layer, in comparison with the first
embodiment of the present invention or tﬁe second embodiment of the

present invention.

The present invention provides a method for forming an
insulator layer within an integrated circuit, which insulator layer
may be uniformly Chemical-Mechanical Polish (CMP) planarized

independent of the areal density of a high volume density patterned
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4a, 4b, 4c and 4d. The remai ning high volunme density patterned | ayer 4d
resides in | ow areal density region R2 of the high volune density patterned
| ayers “4a, 4b, 4c and 4d. Formed upon the substrate |ayer 2 and the high
vol ume density patterned | ayers 4a, 4b, 4c and 4d is a gap filling
-insulator layer 6, and fornmed upon the gap filling insulator layer 6 is a
‘conformal insulator layer 8. It is the conformal insulator |layer 8 which is
‘desired to be planarized through a Chemc&l-Mechanical Polish (CW)
planarizing met hod. Shown in Fig. 2 is the result of the

Chem cal - ni cal PO|ISh (CWP) planarizing of the confornal insulator

| ayer 8 as |I NG PP i n Fig. 1. Shown in Fig. 2 is the thinning of the

layer upon which the insulator layer is formed. Through the first
plasma treatment and/or the second plasma treatment of the method
of the present invention there is provided a high voiume density
patterned layer upon which is forfned an insulator layer having: (1)
a greater thickness over a low areal density area of the high
volume density patterned layer, and (2) a lesser thickness over a
high areal density area of the high volume density patterned layer.
Due to the different thicknesses of the insulator layer, and the
corresponding differences in Chemical-Mechanical Polish ~(CMP)
planarizing rates of the ‘insulator layer, the insulator layer may
be uniformly Chemical-Mechanical Polish (CMP) planarized
independent of the areal density of a high volume density patterned

layer upon which the insulator layer is formed.

The method of the present invention may be practiced
without need for an independently formed additional patterned
insulator layer to compensate areas of the insulator layer having
increased Chemical-Mechanical Polish (CMP) rates. Since the method
of the present invention inherently provides an insulator layer
having the thickness variations needed for uniform Chemical-
Mechanical Polish (CMP) planarizing of the insulator layer, no
independent additional patterned insulator layers are needed to
compensate for poftions of the insulat';or layer having increased

Chemical-Mechanical Polish (CMP) planarizing rates.
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portion of the planarized conformal insulator |ayer 8 which resides over
‘the Iom/areal density region R2, in conparison with the thicker portion of
't he planarlzed conformal i nsul at or | ayer 8' which resides over the high
areal density region RL. It is towards the goal of inproving the

~Chem cal - Mechani cal Polish (CMP) uniformty of planarized insulator |ayers,

such as planarized conformal insulator 1ba¥er "8, that the present
i nvention is -5- directed.
TSMC 95-155

The method of the present invention is readily
manufacturable. Although the specific methods and materials
through which are formed the uniformly Chemical-Mechanical Polish
(CMP) planarized insulator layers of the present invention are not
commonly known in the art, methods and materials through which
insulator -layers in general may be formed and modified within
integrated circuits_ are known in the art. = Such methods and
materials are employed within the method of the present invention,

and such methods are readily manufacturable.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings, which form a material part of

this disclosure, show the following:

Fig. 1 and Fig. 2 show a pair of schematic cross-
sectional : diagrams illustrating non-uniform Chemical-Mechanical
Polish (CMP) planarizing of insulator layers through a method of

the prior art.

Fig. 3 to Fig. 8 show a series of schematic cross-
sectional diagrams illustrating progressive stages in forming an
integraﬁed circuit into which are formed multiple uniformly

Chemical-Mechanicé.l Polish (CMP) 'planarized insulator layers

-_
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VWi |l e the non-uniform Chem cal - Mechani cal Polish (CMP) planarized insul ator
| ayers which result fromareal density variations and vol une density
fvarlatlons of patterned |ayers which underlie those insulator |ayers are
known in the art, lesser known in the art are nethods by which the
non-uniformty within those Chenical - Mechanical Polish (CWP) planarized
insulator layers may be mnimzed or elininated. One possible nethod to
‘mnimze or elimnate the non-uniformty is to selectively and
independentl*sgggﬁ? ésan addi tional insulator |ayer above and/or bel ow

t hose portionsS of &5 nsul at or | ayer desired to be planarized which are

expected to F&ﬁy&@mh@m%%tpﬁmealeM&Eﬁ@h@@f £ meBné &) té PrRERRL NG

rate. Wiile this nmethod woul'd conpensate for |ocalized
invention.

Fig. 9 and Fig. 10 show a pair of schematic cross-
sectional diagrams illustrating intermediate process stages in
forming an integrated circuit into which is formed a uniformly
Chemical~Mechanical Polish (CMP) planarized insulator layer through

the second preferred embodiment of the present invention.

Fig. 11 shows a plot of Insulator Layer| Thickness
Remaining versus Initial Insulator Layer Thickness for Chemical-
Mechanical Polish (CMP) planarizihg of insulator layers as

described in EXAMPLE 7.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a method for forming
within an. integrated circuit an insulator layer which may be
uniformly Chemical-Mechanical Polish (CMP) planarized independent
of the areal density of a high volume density patterned layer
residing beneath the insulator layer. The method through which is
formed i;.he insulator layer of the present invention does not
involve forming upon and/of beneath the insulator layer an

additional independent pétterned insulator layer to compensate for

\'

—
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I ncreased planarizing rates of the insulator |ayer desired to be

pl anarized, the nethod al so provides manufacturing conplexity and the
formati‘on of an additional interface within the integrated circuit.
Desirable in the art are nethods whereby insulator |layers within integrated
circuits may be uniformy Chem cal - Mechani cal Polish (CWP) planarized
Jindependent of the areal density of highqgolune density patterned | ayers
upon whi ch those insulator ‘| ayers are formed. Most desirable in the art are
nmet hods whereby such insulator |ayers may be uniformy Chem cal - Mechani cal

Polish (CWP) tsMmc 95-155
Chemical-Mechanical Polish (CMP) planarizing rate differences of
the insulator layer which correlate with the areal density of the
high volume density patterned layer residing beneath the insulator

layer.

The method through which is formed the uniformly
Chemical~-Mechanical Polish (CMP) planafized insulator layer of the
present invention involves: (1) treatment of high areal density
portions of the high volume density patferned layer_w%th a plasma
which inhibits the growth- of the insulator layer upon those
portions of the high volume density patterned layer, and/or (2)
treatment of low areal density portions of the high volume ¢ensity
patterned layer with a plasma which promotes the growth of the
insulator layer upon those portions of the high volume density
patterned layer. The specific plasmas which may be employed to
treat the high areal density and the low areal density regions of
the patterned layer, aslwell as the process parameters under which.
those plasmas are employed, have been determined experimentally and
are disclosed within the preferred_embodiments of the method of the

present invention.

The method of the present invention may be employe¢ in
forming insulator layers which may be uniformly Chemical-Mechanical
Polish (CMP) planarized within various ¢types of integrated

circuits.. The method of the present invention may be employed in
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-6- planarized wi thout need for an independently fornmed additional
Ipatterned I nsul ator | ayer to conpensate areas of the insulator |ayer having
i ncreased Cheni cal - Mechani cal Polish (CMP) rates. SUMARY OF THE | NVENTI ON
A first object of the present invention is to provide a nethod for

uni formy Chem cal - Mechani cal Polish (CWP) planarizing an insulator |ayer
within an integrated circuit, the uniferm3Cahem cal - Mechanical Polish (CWP)
pl anari zi ng bei ng undertaken independent of the areal density of high

vol une density patterned | ayers upon which the insulator |ayer is formed.

TSMC 95-155

forming uniformly Chemical-Mechanical Polish (CMP) planarized
insulator layers within integrated circuits including but not
limited to Dynamic Random Access Memory (DRAM) integrated circuits,
Static Random Access Memory (SRAM) integrated circuits, Application
Specific Integrated Circuits (ASICs), integrated circuits having
within their fabrications Metal Oxide Semiconductor Fieid Effect
Transistors (MOSFETs), integrated circuits having within their
fabrications bipolar transistors and integrated circuits having
within their fabrications Bipolar Complementary Metal Oxide

Semiconductor (BiCMOS) transistors.

% Referring now to Fig. 3 to Fig. 7 there'is shown a series
of cross-sectional schematic diagrams illustrating the results of
progressive process steps in forming a uniformly Chemical-
Mechanical Polish (CMP) planarized insulator layer within an

integrated circuit through the first preferred embodiment of the

method of the present invention. Shown in Fig. 3 are the results

of the early process steps in forming the integrated circuit.

Shown in Fig. 3 is a semiconductor substrate 10 upon and

within whose surface there are formed isolation regions 12a and

: 12b. Semiconductor substrates upon which the present invention may
é - be practiced may be formed with either dopant polarity, any dopant
concentration and any crystallographic orientation. Typically, the
g semiconductor substrate 10 upon which is practiced the present

This Shee

//II/I///II i




A second object of the present invention is to provide a nethod in accord
Wth the first object of the present invention, which nmethod may be
practi ¢ed wi't hout need for an independently formed additional patterned
i nsul ator |ayer to conpensate areas of the insulator |ayer having increased
Chem cal --Mechani cal Polish (CWP) rates. Athird object of the present
I nvention is to provide a nethod in accorg4mﬁth the first object of the
present invention and the second object of "‘the present invention, which
met hod i s al so manuf act ur abl e. - ' .
TSMC 95-155
invention is a N~ or P- silicon semiconductor substrate having a

(100) crystallographic orientation.

Methods py which isolation regions may be formed within
gnd upon semiconductor substrates are known in the art. Such
methods include but are not limited to methods whereby a portion of
a semiconductor exposed through an appropriate mask is oxidized to
form isolation regions within and upon the semiconductor substrate,
and methods whereby a separate insulating layer is formed upon a

i semiconductor substrate surface and subsequently patterned to form

. isolation regions upon the semiconductor substrate. For the first
preferred embodiment of the method of the present invention, the
isolation regions 12a and 12b are preferably formed through a '
thermal oxidation process whereby portions of the semiconductor
substrate 10 exposed through a suitable oxidation mask are consumed

to form within and upon the semiconductor substrate 10 isolation

regions 12a and 12b of silicon oxide.

Also illustrated within Fig. 3'is a gate oxide layer 14
upon which resides a gate electrode 16. Both the gate oxide layer
14 and the gate electrode 16 reside upon the active semiconductor
region of the semiconductor substrate 10. Both the gate oxide
layer 14 and the gate electrode 16 are components of a Metal Oxide

Semiconductor Field Effect Transistor (MOSFET).
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-7- In accord with the objects of the present invention, there is provided
a nethod for planarizing through a Chem cal - Mechani cal Polish (CWwP)

met hod; and‘with enhanced uniformity, an insulator l|ayer wthin an
integrated circuit. To practice the nmethod of the present invention,
there is first provided a sem conductor substrate having formed thereupon a
patterned | ayer. The patterned | ayer has g vol une density greater than the
vol ume density of an insulator |ayer to b& Tornmed upon the patterned | ayer.
The patterned |ayer also has a first region having a high areal density of
t he patterne@sSH@Qy¥s-183d a second region having a

Methods and materials through which gate oxide layers and
gate electrodes may be formed upon active semiconductor regions of
semiconductor substrates are known in the art. Gate oxides may be
formed through methods including but not limited to methods whereby
the surface of the active semiconductor region of a semiconductor
substrate is oxidized to form a blanket gate oxide layer upon the
active semiconductor region, and methods whereby a blanket gate
oxide layer is independently deposited upon the surface of the
active semiconductor region. Excess portions of blanket gate oxide
layers formed upon active semiconductor regions may be removed

through etching processes conventional to the art.

Gate electrodes are typically formed via patterning and
etching through methods as are conventional in the art of Planket
layers of gate electrode materiais which are formed upon the
surfaces of blanket gate oxide layers. Typically, blanket layers
of gate electrode materials are formed from highly conductive
materialsxsuch as metals, metal alloys, highly doped polysilicon

and polycides (polysilicon/metal silicide stacks).

For the first preferred embodiment of the method of the
present invention, the gate oxide layer 14 ‘is prefe;ably formed
through patterning of a blanket gate oxide layer formed through
thermal oxidation of the active semiconductor region of

semiconductor substrate 10 at a temperature of about 800 to about
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| ow areal density of the patterned layer. In a first enbodi nent of the

nmet hod of the present invention, the second region of the patterned | ayer
"is masked. The first region of the patterned |layer is then exposed to a
first plasma' which is capable of nodifying the first region of the
patterned | ayer such that the insulator layer will formless rapidly upon
the first region of the patterned | ayer than upon the second region of the
“patterned | ayer. The second region of tTmﬂﬁmﬁterned | ayer is then unmasked
and the insulator layer is formed upon the patterned layer. The insul ator
llayer so forggg.igstikiscker over the second region than over the first
region. In a second enbodlnent of the nethod of the present

1000 degrees centigrade to yield a typical blanket gate oxide layer
thickness of about 70 to about 120 angstroms. For the first
.preferred embodiment of the method of the preéent invention, the
gate electrode 16 is preferably formed by patterning and etching a
blanket layer of highly doped polysilicon formed upon the blanket -
.gate oxide layer at a thickness of about 2500 to about 3000
angstroms through a Chemical Vapor Deposition (CVD) process
employing silane as the silicon source material along with suitable
dopant species. Once the blanket layer of highly doped polysilicon
has been patterned to yield the gate electrode 16, the gate
electrode may be used as an etch mask to pattern the gate oxide

layer 14 from the blanket gate oxide layer.

Finally, there is shown in Fig. 3 source/drain electrodes
ig8a and lab-formed within the surface of the active semiconductor
region of the semiconductbr substrate 10 at areas not occupied by
the gate electrode 16, the gate oxide layer 14 and the isolation
regions 12a and 12b. Methods an@ materials through which
source/drain electrodes may be formed within semiconductor
substrates are known in the art. Such methods typically employ
dopant species which are ionized and implénted into a semiconductor
substrate at sufficient velocity and dose to form into the
semiconductor substrate a region of conductivity sufficient for a
source/drain electrode. The polarity desired for the source/drain

electrode will dictate the polarity of the dopant species. Arsenic
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invention, the first region of the patterned |ayer is masked. The - 8-
.second region of the patterned layer is then exposed to a second plasm
whi ch fs capable of nodifying the second region of the patterned |ayer such
that the insulator layer will formnore rapidly upon the second region of
the patterned | ayer than upon the first region of the patterned | ayer.
The first region of the patterned |ayerqj4s_then unmasked and the insul ator
| ayer is formed upon the patterned |ayer. The insulator layer so forned is
t hi cker
TSMC 95-155
dopant species, boron dopant species and phosphorus dopant species
are common in the art. For the first preferred embodiment of the
method of the present invention, the source/drain electrodes 18a
and 18b are preferably formed through implanting a suitable dopant
species into the active region of the semiconductor substrate 10 at
about 1E14 to about 1E16 ions per square centimeter dose and about

50 to about 150 keV ion implantation energy.

Having formed a Metal Oxide Semiconductor Field Effect
Transistor (MOSFET) comprising source/drain electrodes i8a and 18b
formed into the semiconductor substrate 10, and a gate electrode 16
upon a gate oxide layer 14 adjoinihg.the source/drain electrodes,
the next series of process steps in forming the uniformly Chemical-
Mechanical Polish'(CMP) planarized insulator layer through the
first preferred embodiment of the method of the present invention
may proceed. The results of those process step are illustrated by
the integrated circuit whose schematic cross-sectional diagram is

shown in Fig. 4.

Shown in Fig. 4 is the presence of a blanket planarized
Pre-Metal Dielectric (PMD) layer 20 formed upon the integrated
circuit whose structure is illustrated in Fig. 3. Methods and
materials through which blanket planarized Pre-Metal Dielectric
(PMD) layere may be formed are known in the art of integrated

circuit manufacture. Blanket planarized Pre-Metal Dielectric (PMD)
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over the second region than over the first region. In a third enbodi nent of
‘the method of the present invention, the first enbodi nrent of the nethod of

the present ‘i nvention and the second embodi nent of the method of the

present invention are conbined to yield a patterned |ayer whose first
region is treated wwth a first plasm and whose second region is treated
with a second pl asm. The patterned | ayamg so treated yields a patterned
| ayer upon which the insulator |ayer forns nuch nore rapidly upon the
second region of the patterned | ayer than the first region of the patterned
| ayer, in conp@PMGdP-wSbh the first enbodi ment of the present invention or
the second enbfgxirenzﬁesmargftj}prﬁaﬂf Sf%rzl"t[neidn'é/herrc]auggnplanarizing 1;.hrough methods as
are conventional in the art of blanket conformal Pre-Metal
Dielectric (PMD) layers. Blanket conformal Pre-Metal Dielectric
(PMIS) layers may be formed of silicon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride
dielectric materials deposited upon semiconductor substrates
through methods including but not 1limited to Chemical Vapor
Deposition (CVD) methods, Plasma Enhanced Chemical Vapor Deposition
(PECVD) methods and Physical Vapor Deposition (PVD?_ sputtering
methods. For the first preferred embodiment of the n;ethod of the
present invention, the blanket planarized Pre-Metal Dielectric
(PMD) layer 20 is preferably formed through planarizing a conformal
Pre-Metal Dielectric (PMD) layer formed from a silicon oxide
dielectric material deposited upon the semiconductor substrate 10
through a Plasma Enhanced Chemical Vapor Deposition (PECVD) method,
as 1is common in the art. The blanket planarized Pre-Metal
Dielectric (PMD) layer 20 may be planarized through a Reactive Ion
Etch (RIE) etchback planarizing method or a Chemical Mechanical
Polish (CMP) planarizing method, as is common in the art.
Typically, although not exclusively, the blanket planarized Pre-
Metal Dielectric (PMD) layer 20 will not substantially benefit from
the uniform Chemical Mechanical Polish (CMP) planarizing method of
the present invention, since the blanket planarized Pre-Metal

Dielectric (PMD) layer 20 will not typically exhibit substantial

non-uniformity when planarized through a Chemical-Mechanical Polish

-_—
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The present

I nvention provides a nmethod for form ng an insulator |ayer

W thin an integrated circuit, which insulator layer may be unifornly
Cheni cal - Mechani cal Pol i sh (CNP) pl anari zed i ndependent of the areal
density of a high volunme density patterned -9- layer upon which the

i nsulator layer is fornmed. Through the first plasma treatnent and/or the
second plasma treatnment of the nethod of {ge_present invention there is
provi ded a high volune density patterned |Iayer upon which is forned an

I nsul at or IayﬁgM %V|ng5 (1)

(CMP) method.

Also shown in Fig. 4 is the presence of patterned first
conductor layers 22a, 22b, 22c¢ and 22d formed upon the surface of
the blanket planarized Pre-Metal Dielectric = (PMD) layer 20.
Methods and materials through which patterned conductor layers may
be formed within integrated circuits are known in the art.
Patterned conductor layers are typically formed through patterning
blanket conductor layers through photolithographic and etching
methods as are known in the art. The blanket conductorllayers‘may
be formed from conductive materials including but not limited to
metals, metal alloys and doped polysilicon deposited upon a
semiconductor substrate through methods including but not limited
to thermally assisted evaporation methods, electron beam assisted
evaporation methods, Chemical Vapor Deposition (CVD) methods and

Physical Vapor Deposition (PVD) sputtering methods.

For the first preferred embodiment of the method of the
present invention, the patterned first'conductor layers 22a, 22b,
22c and 224 are preferably formed through patterning of a blanket
conductor layer formed from a tri-layerzgtack. The tri-layer stack
preferably consists of: (1) a blanket ldﬁex'barrier layer formed of
a titanium nitride at a thickness of about 800 to about 1200
angstroms, (2) a blaﬁket middle'condﬁctor layer formed of an

aluminum containing:alloy at a thickness of about 5000 to about

placed
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a greater thickness over a |low areal density area of the high vol ume

density patterned layer, and (2) a |esser thickness over a high areal

densit'y ar€a of the high volune density patterned |ayer. Due to the

“different thicknesses of the insulator layer, and the correspondi ng

- differences in Chem cal - Mechanical Polish (CVWP) planarizing rates of the

~insulator-layer, the insulator layer n be uni formy

- Chem cal - Mechani cal  Polish (CwP) p?anarized i ndependent of the areal

density of a high volune density patterned | ayer  upon which the insul ator

| ayer is forrsmd 95kessret hod of the present invention may be practiced

w t hout need for an independently fornmed additional patterne% insglg%g{

| ayer to corff9fsangstramss andtldd AnbBlpnkesr UPRPEIPIRFLERglayer forme
titanium nitride at a thickness of about 1000 to about 1400
.angstoms. As also shown in Fig. 4, ‘the patterned first conductor
layers 22a, 22b and 22c reside in a high areal density region R1 of
the patterned first conductor layers 22a, 22b, 22c and 22d, while
the patterned first conductor layer 22d resides in a low areal
density region R2 of the patterned first conductor layers 22a, 22b,

22c and 224.

The method of £he present invention provides value in
forming uniformly Chemical-Mechanical Polish' {CMP) planarized
insulator layers when the difference in the areal densities of the
patterned layers in the high areal density region R1 and the low
areal density region R2 is at least about 10 percent. Typically,
the areal density of the patterned layers within the high areal
density region R1 will be greater-than about 50 percent and the
areal dénsity of the patterned layers within the low areal density

region R2 'will be less than about 30 percent.

The method of the present invention also provides value
.in forming a uniformly Chemical-Mechanical Polish (CMP) planarized
insulator layer when there exists a substantial volume density
difference between the insulator layer to be planarized and the
patterned layers upon which the insulator layer resides. In

practice the requisite volume density difference is obtained when
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I ncreased Chemi cal - Mechanical Polish (CW) rates. Since the nethod of the
present invention inherently provides an insulator |ayer having the
.t hi cknéss vari ati ons needed for uniform Chenical- Mechanical Polish (CW)
pl anari zing of the insulator |ayer, no independent additional patterned
insul ator layers are needed to conpensate for portions of the insulator
‘'l ayer having i ncreased Cheni cal - Mechani c 1Polish (CWP) pl anarizing rates.
- 10 - The nethod of the present inventT IS readily
TSMC 95-155
the patterned layer is a patterned conductor 1layer within an
integrated circuit and the insulator layer is a silicon oxide or a
silicon nitride insulator within the integrated circuit, although
other combinations of insulator layers and patterned layers of high

volume density may also be employed.

Referring now to Fig. 5 there is shown a schematic cross-
sectional diagram illustrating the results of further processing of
the integrated circuit whose structure is illustrated. in Fig. 4.
Shown in Fig. 5 is the presence of a blanket conformal first Inter-
Metal Dielectric (IMD) layer 24 which is formed upon the surface of
the integrated circuit whose structure is illustrated in Fig. 4.

While there are several methods and materials through which blanket

conformal Inter-Metal Dielectric (IMD) layers may be formed within

integrated circuits, the blanket conformal first Inter-Metal

Dielectric_: (IMD) layer 24 within the first preferred embodiment of
the method of the present invention is chosen such that when
treated wlith a first plasma 28 the blanket conformal first Inter-
Metal Dielectric (IMD) layer 24 will retard the growth of an
insulator layer which is formed upon the surface of the blanket
conformal first Inter-Metal Dielectric (IMD) layer 24. Thus,
within the first preferred embodiment of the method of the present
invention, the choice of the method and material through which is
formed the blanket conformal first Inter-Metal Dielectric (IMD)

layer 24 is undertaken in conjunction with the choice of the first
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manuf act ur abl e. Al t hough the specific nmethods and materials through

“which are formed the uniformy Chenical -Mechanical Polish (CW) planari
i nsul ator layers of the present invention are not commonly known in the
art, nmethods and materials through which insulator |ayers in general nay be

f ormed and

nodified within integrated circuits are known in the art.

nmet hods and materials are enployed withing,the nethod of the present

i nventi on,

and such nmethods are readily manuf act ur abl e. BRI EF DESCRI PTI

OF THE DRAW NGS The foll owi ng drawi ngs, which forma nmaterial part of t

di scl osur e,

Cr oss-

zed

Such

ON
hi s

%Qgﬁléguisgollomdng: Fig. 1 and Fig. 2 show a pair of schematic

plasma 28 and a gap filling insulator layer which is subsequently
formed upon the blanket conformal first Inter-Metal Dielectric

(IMD) layer 24.

Within the first preferred embodiment of the present

inQention, it has been found experimentally that a blanket

conformal first Inter-Metal Dielectric (IMD) layer 24 formed of a
silicon oxide deposited through a Plasma Enhanced Chemical Vapor
Deposition {PECVD) method employing Tetra Ethyl Ortho Silicate
(TEOS) as a silicon source material will inhibit the growth of a
gap filling insulator layer formed upon the blanket conformal first
Inter-Metal Dielectric (IMD) layer 24 when the blanket conformal
first Inter-Metal Dielectric (IMD) layer is treated with an oxygen
plasma. It has also been found experimentally that the same
inhibiting effect is obtained when the blanket conformal first
Inter-Metal Dielectric (IMD) layer 24 is: (1) formed of a silicon
oxide deposited through a Plasma Enhanced Chemical Vapor Deposition
(PECVD) method employing silane as a silicen source material, and
(2) sﬁbsequently treated with a first plasma 28 consisting of a
nitrogen plasma or an oxygen plasma. It is thus any of the three
foregoing combinations of blanket conformal first Inter-Metal
Dielectric (IMD) layer 24 and first plasma 28 which ﬁrovide the
preferred combinations of the first pfeferred embodiment of the

method of the present invention.
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sectional diagranms illustrating non-uniform Chem cal - Mechani cal Polish
(CWP) planarizing of insulator |ayers through a nmethod of the prior art.
Fig. 3to Fig. 8 show a series of schematic cross- sectional diagrans
illustrating progressive stages in formng an integrated circuit into
which are fornmed nultiple wuniformy Chenical-Mechanical Polish (CW)
. planari zed insul ator |ayers t hrough Lhg3first preferred enbodi nent of
t he met hod of the present invention.

TSMC 95-155

Preferably, the blanket conformal first Inter-Metal
Dielectric (IMD) layer 24 is formed to a thickness of about 500 to
about 2000 angstroms at: (1) a semiconductor substrate temperature
of from about 380 to about 420 degrees centigfade; (2) a Tetra
Ethyl Ortho Silicate (TEOS) flow rate of from about 2 to about 6
standard cubic centimeters per minute (sccm) (or a silane flow rate
of from about 80 to about 140 standard cubic centimeters per minute
(scem)); f3) a background helium flow rate (uéed only when
employing Teﬁra Ethyl Ortho Silicate (TEOS)) of from about 600 to
about 1000 standard cubic centimeters per minute; (4) an oxygen
(oxidant) flow rate of from about 400 to about 800 standard cubic
centimeters per minute (sccm) when employing Tetra Ethyl Ortho
Silicate (TEOS) (or a nitrous oxide (oxidant) flow rate of from
about 900 to about 1300 standard cubic centimeters per minute
(sccm) -when employing silane); and (5) a reactor'chamber pressure
of from about 5 to about 10 torr when employing Tetra Ethyl Ortho
Silicate (TEOS), or a reactor chamber pressure of from about 1 to

about 5 torr when employing silane.

Also shown in Fig. 5 is the presence of a patterned first
mask layer 26 which ﬁasks the surface of the blanket conformal
first Inter-Metal Dielectric (IMD) layer 24 residing in the 1low
areal density region R2. Patterned mask layers, and blanket mask
layers from which patterned mask layers are formed, are known in

the art of integrated circuit manufacture. Such mask layers are
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Fig. 9 and Fig. 10 show a pair of schematic cross- sectional diagrans
illustrating internedi ate process stages in formng an integrated circuit
into which is formed a unifornmly Chenical - Mechani cal Polish (CWP) :
~planarized insulator |ayer through the second preferred enmbodi ment of the

. present invention. Fig. 11 shows a plot of Insulator Layer Thickness

- Remai ning versus Initial Insulator Layer Thickness for Chem cal - Mechani cal
Polish (CWP) planarizing of insulator a?;ﬂer's as described in EXAVMPLE 7.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invention provides a
met hod for fSMNE5within an integrated circuit an insulator |ayer which
may be typically, although not exclusively, formed from photoresist
materials. For the first preferred embodiment of the method of the
present invention, the patterneé first mask layer 26 is preferably
formed of a photoresist which is impervious to the first plasma 28
which is employed in treating portions of the blanket conformal
first Inter-Metal Dielectric (IMD) layer 24 not covered by the
patterned first mask layer 26. Preferably, the patterned first

mask layer 26 is from about 5000 to about 10000 angstroms thick.

Finally, there is shown in Fig. 5 the presénce of the
first plasma 28, the composition of which is choSen such that
treatment of exposed portions of the blanket conformal first Inter-
Metal Dielectric (IMD) layer 24 with the first plasma 28 will
retard growth of a first gap filling insulator layer formed upon
those portions of the blanket conformal first Inter-Metal
Dielectric (IMD) layer 24. As discussed above, it has been found
experimentally for the first preferred embodiment of the method of
the present invention that the first plasﬁa 28 is preferably: (1)
an oxygen-plasma when the blanket conformal first Inter-Metal
Dielectric (IMD) layer 24 is formed of a silicon oxide formed
through a Plasma Enhanced Chemical Vapor Deposition (PECVD) method
employing Tetra Ethyl Ortho Silicate (TEOS) as the silicon source

. material, and (2) either an oxygen plasma or a nitrogen plasma when
the blanket conformal first Inter-Metal Dielectric (IMD) layer 24

is formed of a silicon oxide formed through a Plasma Enhanced
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uni formy Chem cal - Mechani cal Polish (CWP) planarized i ndependent of the
~areal density of a high volune density patterned |ayer residing beneath the
i nsul ator |ayer. The nmethod through which is fornmed the insulator |ayer of
the present invention does not involve form ng upon and/or beneath the

I nsul ator |ayer an additional independent patterned:insulator |ayer to
conpensate for - 12 - Chem cal - Mechaniygal_ Polish (CWMP) planarizing rate
di fferences of the insulator |ayer which correlate with the areal density
of the >

TSMC 95-155 _
Chemical Vapor Deposition (PECVD) method employing silane as the

silicon source material.

Preferably the oxygen or nitrogen first plasma 28 is
formed at: (1) an oxygen or nitrogen flow rate of from about 400 to
about 600 standard cubic centimeters per minute (scem); (2) a
reactor chamber pressure of from about 1 to about 2 torr; (3) a
semiconductor substrate temperature of from about 100 to about 200
degrees centigrade; and (4) a mixed radio frequency power having a
first radio frequency power of from about 40 to about 60 watts at
a first radio frequency of 13.56 MHz and a second radio frequency
power of from about 420 to about 480 watts at a second radio
frequency of 350 kHz. Preferably, the exposed portions of the
blanket conformal first Inter-Metal Dielectric (IMD) layer 24 are
treated with the oxygen or nitrogen first plasma 28 for a time

period of from about 50 to about 70 seconds.

As is understood by a person skilled in the art, other
combinations of the blanket conformal first Inter-Metal Dielectric
(IMD) layer 24 and the first plasma 28 may be employed to
effectuate the desired growth rate inhibiting effect when forming
an iﬁsulator layer upon the blanket conformal first Inter-Metal
Dielectric (IMD) 1layer 24. Such combinations may include the
absence of the blanket conformal first Inter-Metal Dielectric (IMD)

layer 24 and the direct treatment of patterned layers such as
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hi gh vol une density patterned | ayer residing beneath the insulator |ayer.
.The net hod through which is formed the uniformy Chem cal - Mechani cal Polish
(CWP) planarized insulator layer of the present invention involves: (1)
treatment of high areal density-portions of the high volunme density
patterned layer with a plasma which inhibits the growth of the insulator
| ayer upon those portions of the high volune density patterned | ayer,
and/or (2) treatnment of |ow areal denSi?? Portions of the high vol une
densi'ty patterned |ayer with a plasma which pronotes the growh of the
i nsul ator | ay@yesupsrysfshose portions of the high volune density patterned
| ayer. The specific plasnas which may be enpl oyed to

patterned first conductor layers 22a, 22b and 22c¢ with an

appropriate first plasma 28. Without undue experimentation, a
person skilled in the art should be able to determine the most

appropriate and workable combinations.

Referring now to Fig. 6, theré is shown a schematic
cross-sectional diagram illustrating the  results of further
processing of the integrated circuit whose structure is illustrated
in Fig. 5. 1In order to arrive at the integrated circuit whose
structure is illustrated in Fig; 6, the patterned first mask layer
26 is first removed from the integrated circuit whose structure is
illustrated in Fig. S. The patterned first mask layer 26 may be
removed through methods as are conventional in the art, including
but not limited to solvent stripping methods and Reactive ion Etch

(RIE) etch methods.

Subsequent to removing the patterned first mask layer 26,
there is .then formed upon the surface of the blanket conformal
first Inter-Metal Dielectric (IMD) layer 24 a blanket first gap
filling insulator 1layer 30. The blanket first gap £filling
insulator layer 30 exhibits a diminished growth rate upon portions
of the blanket conformal first Inter-Metal Dielectric (IMD) layer
24 which have been treated with the first plasma 28. For the first
preferred embodiment of the method of the present invention, the

blanket first gap filling insulator layer 30 is preferably formed
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treat the high areal density and the |ow areal density regions of the
patterned | ayer, as well as the process paraneters under which those
pl asmas are enpl oyed, have been determ ned experinentally and are discl osed
within the preferred enbodi ments of the nethod of the present invention.
The nethod of the present invention may be enployed in formng insul ator
| ayers which may be unifornmy Chem cal - Meghpani cal Polish (CWP) planarized
Wi thin various types of integrated circuits. The nethod of the present
i nvention may be enpl oyed in

TSMC 95-155

from an ozone assisted Chemical Vapor Deposited (CVD) silicon oxide
insulator layer employing Tetra Ethyl Ortho Silicate (TEOS) as a

silicon source material.

The preferred process parameters under which is formed
the blanket first gap £illing insulator 1layer 30 include an
ozoﬁe:TEOS molar ratio of from about 12:1 to about 16:1, a reactor
pressure of from about 450 to about 600 torr, a Tetra Ethyl Ortho
Silicate (TEOS) flow rate of from about 27 to about 42 standard
cubic centimeters per minute (sccm), a background helium flow of
from about 1700 to about 2300 standard cubic centimeters per minute
(sccm), a deposition temperature of from about 360 to about 440
degrees centigrade and an oxygen (ozone carrier gas) flow rate of
from about 4000 to about 6000 standard cubic centimeters per minute
(scem). Given a typical deposition time of from about 100 to about
240 geconds, the thickness of the blanket first gap filling
insulator layer 30 above the patterned first conductor layers 22a,
22b and 22¢ in the high areal density region R1 will be from about
3000 to about 5000 angstroms, while the thickness of the blanket
first gap filling insulator layer 30 above the patterned first
conductor layer 224 in the low areal density region R2 will be from

about 4000 to about 6000 angstroms.

Finally, there is shown in Fig. 6 the presence of the

blanket first conformal Inter-Conductor Dielectric (ICD) layer 32
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- 13 - formng uniformy Chem cal - Mechani cal Polish (CWP). planarized
insulator layers within integrated circuits including but not limted to
Dynam ¢ Random Access Menory (DRAM integrated circuits, Static Random
Access Menory (SRAM integrated circuits, Application Speci fic Integrated
Crcuits (ASICs), integrated circuits having within their fabrications
Metal Oxide Sem conductor Field Effect Iragsistors (MOSFETs), integrated
circuits having within their fabrications bipolar transistors and

I nt egrated cérﬁ#ié%d%gvi ng-within their fabrications Bi polar Conpl enentary
Metal Oxi de St tor (BiCMOS) transistors. Referring nowto Fig. 3 to

Fig. 7 there g,snsd QMBnd e sufface of the blanket first gap £illing insulator
layer 30. It is the blanket first conformal Inter-Conductor
Dielectric (ICD) layer 32 which is desired to be uniformly
Chemical-Mechanical Polish (CMP) planarized .through the method of
the present invention. Although blanket conformal Inter-Conductor
Dielectric (ICD) layers may in general be formegi through several
methods and materials, including but not limited to silicon oxide
dielectric materials, silicon nitride dielectric materials and
silicon oxynitride materials fqrmed through methods including but
not limite.ed to Chemical Vapor Deposition (CVD) methods, Plasma
Enhanced Chemical Vapor Deposition (PECVD) methods and Physical
Vapor Deposition (PVD) sputtering methods, the blanket first
conformal Inter-Conductor Dielectric (ICD) layer 32 is preferably
- formed of a silicon oxide dielectric material formed through a
Plasma Enhanced Chemical Vapor Deposition (PECVD) method. The
blanket first conformal Inter-Conductor Dielectric (ICD) layer 32

is preferably from about 13000 to about 17000 angstroms thick.

Referring now to Fig. 7 there is shown a schematic cross-
section diagram illustrating the results of further processing of
the integrated circuit whose structure is illustrated in Fig. 6.
Shown in Fig. 7 is a blanket first planarized Inter-Conductor
Dielectric (ICD) - layer 32' which is. formed through Chemical-
Mechanical Polish (CMP) planarizing of the blanket first conformal

Inter-Conductor Dielectric (ICD) layer 32. For the first preferred
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of cross-sectional schematic diagrams illustrating the results of
progressive process steps in formng a uniformy Chem cal - Mechani ca
Polish (CWP) planarized insulator layer within an integrated circuit
through the first preferred enbodi nent of the nethod of the present
I nvention. Shown in Fig. 3 are the results of the early process steps in
formng the integrated circuit. Shown in_Fig. 3 is a sem conductor
substrate 10 upon and w thin whose surtat? There are formed isol ation
regions 12a apgmd2d5-188M conductor substrates upon which the present
i nvention may be practiced may be forned with either dopant polarity, any
dopant concenembédimentndsfatle Gisthbal oH 0D Ppresoht eitivahnt26n, THHY Chkmycal-he
sem conductor substrate 10 upon which is practiced the present
Mechanical Polish (CMP) planarizing is preferably accomplished with
a silica slurry through Chemical-Mechanical Polish (CMP) methods as
are conventional in the art. The Chemical Mechanical Polish (CMP)
planarizing is preferably undertaken at a Chemical Mechanical
Polish (CMP) planarizing pressure of from about 7 to about 10
pounds per square inch (psi), a wafer rotation speed of from about
30 to about 50 revolutions per minute (rpm) and a platen (pad)
rotation speed of from about 30 to about 50 revolutions per minute

(rpm).

As shown in Fig. 7, the blanket first planarized Inter-
Conductor Dielectric (ICD) layer 32' is substantially uniform over
the high areal density region Rl and the low areal density region
R2 of the patterned first conductor layers 22a, 22b, 22c and 224.
The uniformity results from the more rapid Chemical-Mechanical
Polish (CMP) planarizing of the thickness of the blanket first
conformal, Inter-Conductor Dielectric (ICD) layer 32 which resides
over the ﬁhicker portion of the blanket first gap filling insulator
layer 30 in the low areal density region R1. Typically, the
‘blanket first planarized Inter-Conductor Dielectric (ICD) layer 32°'
is from about 3000 to about 5000 angstroms thick upon completion of

the Chemical Mechanical Polish (CMP) planarizing.

As 1is understood by a person skilled in the art,
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REPLACEMENT SHEET 1 2 DEC 1996 - 14 - inventionis a N or P- silicon
:sem conduct or substrate having a (100) crystallographic orientation.

Met hod$s by which isol ation regions may be formed within and upon

sem conduct or substrates are known in the art: Such met hods i ncl-ude but

are not

limted to nethods whereby a portion of a sen1conductor exposed

t hrough an appropriate nask is oxidized to

TSMC 95-155

additional patterned conductor layers, additionai blanket conformal
Inter-Metal Dielectric (IMD) layers, additional blanket gap filling
insulator layers and additional Chemical-Mechanical Polish (CMP)
planarized Inter-Conductor Dielectric (ICD) layers may be fqrmed
upon the integrated ciréuit whose structure is illustrated in Fig.
7 to form additional interconnecting layers of the integrated
circuit. Shown in Fig. 8 is a schematic cross-sectional diagram

which results from such additional layers.

Shown in Fig. 8 is the presence of a set oé patterned
second conductor layers 34a, 34b, 34c and 34d, a blanket second
conformal Inter-Metal Dielectric (IMD) layer 36, a blanket second
gap filling insulator layer 38 and a blanket second Chemical-
Mechanical Polish (CMP) planarized Inter-Conductor Dielectric (ICD)
layer 40. Each of the preceding layers is preferably formed
through methods, materials and dimensions equivalent to the
methods, materialé and dimensions through which are formed the
correspoqding patterned first conductor layers 22a, 22b, 22c¢c and
224, the ﬂlanket conformal first Inter~Metal Dielectric (IMD) layer
24, the blanket fifst gap £illing insulator layer 30 and the
blanket first planarized.Inter—Conducﬁor Dielectric (ICD) layer 32'

as illustrated in Fig. 7.

Upon forming the integrated circuit structure illustrated

in Fig. 8, there is formed an integrated circuit through the first
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formisolation regions within and upon the seni conductor substrate, and

nmet hods whereby a separate insulating |layer is formed upon a sem conduct or
. substrate surface and subsequently patterned to formisolation regi ons upon
' the sem conductor substrate. For the first preferred enbodi ment of the
' met hod of the present invention, the .i.solation regions 12a and 12b are
‘preferably formed through a thernal odegqign process whereby portions of

t he sem conduct or substrate 10 exposed through a suitabl e oxidation mask
are consunmed to formw thin and upon the sem conductor substrate 10
isolationlwx&%%E %gg%§nd 12b of silicon oxide. Also illustrated within
Fig. 3 is a ga 8 i | ayer 14 upon which resides a gate el ectrode 16.

Both the gat epded®ehdiodiment of the method of the present invention. The
integrated circuit so formed has formed therein multiple uniformly
Chemical-Mechanical Polish (CMP) planariied blanket Inter-Conductor
Dielectric (ICD) layers independent of the areal density of high
volume density patterned conductor layers which reside beneath the
uniformly Chemical-Mechanical Polish (CMP) planarized blanket

Inter-Conductor Dielectric (ICD) layers.

In addition to the first preferred embodimént of the
method of the present invention, there also exists a second
preferred embodiment of the method of the present invention. The
key features of the second preferred embodiment of the method of
the present invention, in comparison with the first preferred
embodiment of the method of the present invention, are illustrated

by reference to Fig. 9 and Fig. 10.

Shown in Fig. 9 is a schematic cross-sectional diagram of
an integrated circuit similar to the schematic cross-sectional
diagram of the integrated circuit illustrated in Fig. 5, with
several exceptions. In comparison with the schematic cross-
sectional diagram illustrated in Fig. 5, the schematic cross-
sectional diagram illustrated in Fig. 9 has a patterned first mask
layer 26' which covers a portion of é blanket conformal first
Inter-Metal Dielectric (IMD) 1layer 24' which resides upon the

patterned first conductor layers 22a, 22b and 22c¢c within the high
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14 and the gate el ectrode 16 reside upon the active sem conductor region of
the sem conduct or substrate 10. Both the gate oxide |ayer 14 and the gate
el ectrbde 16 are conponents of a Metal Oxide Sem conductor Field Effect
Transi st or ( MOSFET) . - 15 - Methods and materials through which gate
"oxide | ayers and gate el ectrodes may be forned upon active sem conduct or
regi ons of sem conductor substrates are,known in the art. Gate oxides may
be forned through methods including but hot linted to nethods whereby

TSMC 95-155
areal density region R1. Within Fig. 9, the exposed portion of the
blanket conformal first.Inter-Metal.Dielectric (IMD) layer 24' is

treated with a first plasma 28°'.

Analogously with the first preferred embodiment of the
method of the present invention, the second preferred embodiment of
the method of the present invention also requires a specific
selection of the method and materials through which are formed the
blanket conformal first Inter-Metal Dielectric (IMD) layer 24’ and
the first plasma 28' such that the growth characteristics of a
blanket first gap filling insulator layer upon the blanket
conformal first Inter-Metal Dielectric (IMD) layer 24' are
modified. However, within the second preferred embodiﬁent of the
gethod of the present inéention, the methods and materials through
which are fqrmed the blanket conformal first Inter-Metal Dielectric
(IMD) layer 24' and the first plasma 28; are chosen such that a
blanket gap filling insulator layer, when formed upon the blanket
‘conformal first Inter-Metal Dielectric (IMD) layer 24', will have

an enhanced growth rate rather than a retarded growth rate.

It has been found experimentally that the desired growth
rate conditions will be fulfilled when: (1) the blanket conformal
first Inter-Metal Dielectric (IMD) layer 24' is formed from a
silicon oxide dielectric material deposited upon the semiconductor
substrate through a Plasma Enhanced Chemical Vapor Deposition

-
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the surface of the active sem conductor region of a sem conductor substrate
Is oxidized to forma bl anket gate oxide | ayer upon the active

sem conductor region, and nmet hods whereby a bl anket gate oxide |ayer is

i ndependent |y deposited upon the surface of the active sem conductor

regi on. Excess portions of blanket gate oxide |ayers fornmed upon active
sem conductor regions may be renoved thrpugh etching processes conventional
to the art. Gate el ectrodes are typically formed via patterning-and etching
t hrough nethods as are conventional in the art of blanket layers of gate

el ectrode materials which are formed upon the surfaces of blanket gate

oxi de | ayer sTSMB/85caP?y, bl anket layers of gate electrode materials are

formed from mEQR)DX EQWo%teL\E(foying Tetra Ethyl Ortho Silicate (TEOS) as the

silicon source material, (2) the first plasma is a nitrogen plasma,
and (3) the gap filling insulator layer is formed from an ozone
assisted Chemical Vapor Deposited (CVD) silicon oxide insulator
layer formed under conditions eéuivalent to the conditions employed
in fofming' the blanket first gap filling insulator layer 30

illustrated in Fig. 6.

Preferably, the blanket conformal first inter-Metal
Dielectric (IMD) layer 24' is formed to a thickness of abbut 500 to
about 2000 angstroms, at a semiconductor sﬁbstrate temperature of
from about 360 to about 440 degrees centigrade, a Tetra Ethyl Ortho
Silicate (TEOS) flow rate of from about 2 to about 6 standard cubic
centimeters per minute (sccm), a background helium flow rate of
from about 600 to about 1000 standard cubic centimeters per minute,
an oxygen (oxidant) flow rate of from about 400 to about 800
standard cubic centimeters per minute (sccm), and a reactor chamber

pressure of from about 5 to about 10 torr.

Preferably, the nitrogen plasma first plasma 28' is
provided at a nitrogen flow rate of from about 400 to about 600
standard cubic centimeters per minute (sccm), a reactor chamber
pressure of from about 1 to about.z torr,.a semiconductor substrate
temperature of from about 100 to about 200 degrees centigrade and

a mixed radio frequency power having a first radio frequency power
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materials such as netals, netal alloys, highly doped polysilicon and

pol ycides (polysilicon/netal silicide stacks). For the first preferred
enbodi‘'ment “of the nethod of the present invention, the gate oxide |ayer 14
is preferably formed through patterning of a bl anket gate oxide |ayer
formed through thermal oxidation of the active sem conductor region of

sem conduct or substrate 10 at a tenperatqge of about 800 to about
REPLACEMENT SHEET - 16 - 4 -

TSMC 95-155 .

of from about 40 to about 60 watts at a first radio frequency of
13.56 MHz and a second radio frequency power of from about 420 to
about 480 watts at a second radio frequency of 350 KkHz.
Preferably, the exposed portions of the blanket conformal first
Inter-Metal Dielectric (IMD) layer 24' are treated with the
nitrogen plasma first plasma 28' for a time period of from about 50

to about 70 seconds.

Analogously with the first preferred embodiment of the
method of the present invention, other combinations of blanket
conformal first Inter-Metal Dielectric (IMD) layer 24' and first
plasma 28' may be employed in providing a blanke£ conformal first
Inter-Metal Dielectric (IMD) iayer 24' exhibiting an inhibited
growth rate of an insulator layer upon the blanket conformal first
Inter-Metal Dielectric (IMD) layer 24°'. The combinations may
include, but are not limited to, the absence of the blanket
conformal first Inter-Metal Dielectric (IMD) layer 24' and the
direct treatment of the patterned first conductor layer 22d with
the first plasma 28'. A pérson skilled in the art may determine
the most appropriate and workable combinations without undue

experimentation.

Referring now to Fig. 10 there is shown a schematic
cross-sectional diagram illustrating the results of further

processing of the integrated circuit whose structure is illustrated
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1000 degrees centigrade to yield a typical blanket gate oxide |ayer

t hi ckness of about 70 to about 120 angstrons. For the first preferred
enbodi nent of the nethod of the present invention, the gate electrode 16 is
preferably forned by patterning and etching a bl anket |ayer of highly doped
pol ysilicon fornmed upon the blanket gate oxide |layer at a thickness of
about 2500 to about 3000 angstrons through. & Chem cal Vapor Deposition
(CVD) process enploying silane as the siTiton source material along with
sui tabl e dopant species. Once the bl anket |ayer of -highly doped polysilican
has been patt eigpedet0i94 €l d the gate el ectrode 16, the gate el ectrode may
be used as an etch nask to pattern the gate oxide |layer 14 fromthe bl anket

gate oxide |ayer Fig. 9. In order to arrive at the integrated circuit whose
-structure is illustrated in Fig. 10, the patterned first maSking
layer 26' is first removed from the integrated circuit whosé.cross-
section is illus#rated in Fig. 9. There is then formed upon the
integrated circuit a blanket first gap filling insulator layer 30
and a blanket first conformal insulator layer 32 employing methods,
materials and thicknesses equivalent to the methods, materials and
thicknesses employe§ in forming the equivalent blanket first gap
filling insulator layer 30 and blanket first conformal insulator
;ayer 32 illustrated in Fig. 6. The integrated circuit illustrated
in Fig. 10 is otherwise equivalent to the integrated circuit
illustrated in Fig. 6, with the exception of the differing methods
and materials through which are formed the blanket conformal first
Inter-Metal Dielectric layer 24 and the blanket conformal first
Inter-Metal Dielectric layer 24'. The integrated circuit whose
structure is illustrated in Fig. 10 may be uniformly Chemical
Mechanical Polish (CMP) planarized to yield an integrated circuit
analogous to the integrated circuit whose structure is illustrated

in Fig. 7.

In addition to the first preférféd embodiment of the
method of the present invention and the second preferred embodiment
of the method of the present invention; there also exists a third
preferred embodiment of the method of the present invention. The

third preferred embodiment of the method of the present invention
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Finally, there is shown in Fig. 3 source/drain electrodes 18a and 18b
formed wthin the surface of the active sem conductor region of the
sem conductor substrate 10 at -areas not occupied by the gate el ectrode 16,

the gate oxide layer 14 and the isolation regions 12a and
Met hods and materials through which source/drain electrodes nmay be
formed wthin sem conductor substrates_agg known.in the art.
typically enpl oy dopant species which are ionized and inplanted into a

sem conductor substrate at sufficient velocity and dose

12b.

Such net hods

to

form

the seni condtffor35dfRtrate a region of conductivity suffici-ent for a

sour cel dr af N i adE: 1 ARA Lidedles kketle R cRBUEaRI raehe T ode

will dictate e polarlt opant specles. Arsenic

embodiment of the present invention and includes the plasma
treatments of both the first preferred embodiment of the method of
the present invention-and the second preferred embodiment of the
method of the present invention. Through the third preferred
embodiment of the method of the present invention, there is formed
a blanket first conformal Inter-Metal Dielectric (IMD) layer 24’
exhibiting a retarded growth rate for a blanket first gap filling
insulator layer 30 upon a high areal density region. R1 and an
enhanced growth rate for the blanket first gap filling insulator 30
layer upon a low areal density region R2. As is understood by a
person skilled in the art, the third preferred embodiment of the
method of the present inventioh provides a blanket first gap
filling insulator layer exhibiting a greater difference in height

between the high areal density region R1 and the low areal density

region R2.

' EXAMPLES 1-6

Upon the surfaces of three semiconductor substrates were
formed blanket silicon oxide insulator coatings of thickness about
2000 angstroms through a Plasma Enhanced Chemical Vapor Deposition
(PECVD) method employing Tetra Ethyl Ortho Silicate (TEOS) as a
silicon source material. The blanket silicon oxide insulator

coatings were formed at a semiconductor substrate temperature of
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- 17 - dopant species, boron dopant species and phosphorus dopant species
are common in the art. For the first preferred enbodi nent of the nethod of
the present invention, the source/drain el ectrodes 18a and 18b are
preferably fornmed through inplanting a suitable dopant species into the
active region of the sem conductor substrate 10 at about 1E14 to about 1E16
i ons per square centineter dose and abqut375Q to about 150 keV ion

i npl antation energy. Having forned a Metal Oxi de Sem conductor Field Effect

TSMC 95-=155 _

about 400 degrees centigrade, a Tetra Ethyl Ortho Silicate (TEOS)
flqw rate of about 4 standard cubic éentimeters per minute (sccm),
a background helium flow rate of about 800 standard cubic
centimeters per minute, an oxygen (oxidant) flow rate of about 600
standard cubic centimeters per minute (sccm) and a reactor chamber

pressure of about 8 torr.

One of the three wafers.then received nitrogen plasma
treatment for 60 seconds. The nitrogen plasma was provided at a
nitrogen flow rate of about 500 standard cubic centimeters per
minute (scem), a reactor chamber pressure of about 1.5 torr, a
semiconductor substrate temperature of about 150 degrees ceptigrade
and a mixed radio frequency power having a first radio frequency
power of about 50 watts at a first radio frequency of 13.56 MHz and
a second radio frequency power of about 450 watts at a second radio

frequency of 350 kHz.

‘A second of the three wafers then received an oxygen
plasma tréatment for 60 seconds. The oxygen plasma was provided at
an oxygen flow rate of about 500 standard cubic centimeters per
minute (scem), a reactor chamber pressure’ of -about 1.5 torr, a
semiconductor substrate temperature of about 150 degrees centigrade
and a mixed radio frequency power having a first radio frequency
power of about 50 watts at a first radio frequency of 13.56 MHz and

a second radio frequency power of about 450 watts at a second radio
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Transi stor (MOSFET) conprising source/drain el ectrodes 18a and 18b forned
into the sem conductor substrate 10, and a gate el ectrode 16 upon a gate
oxi de | ayer 14 adjoining the source/drain el ectrodes, the next series of
process steps in formng the uniformy Chem cal - Mechani cal Polish (CWP)

pl anarized insulator |ayer through the first preferred enbodi nent of the
nmet hod of the present invention may proceeg The results of those process
step are illustrated by the integrated CIrCUIt whose schemati c

Cross- sectlong% glﬁgj% is shown in Fig. 4. Showmn in Fig. 4 is the presence
of a bl anket anarlze Pre-Metal Dielectric (PMD) |ayer 20 formed upon the

I nt egr at ed C|EggqﬁeﬁM@o§gw§§QgpggbekggiiI lustrated in Fig. 3. Methods and

~ The remaining wafer received no plasma treatment.

Upon the surfaces of a second group of three
semiconductor substrates were formed blanket silicon oxide
insulator coatings of thickness about 2000 angstroms through a
Plasma Enhanced Chemical Vapor Deposition (PECVD) method employing
silane as a silicon source material. The blanket silicon oxide
insulator coatings were formed at a semiconductof substrate
température of about 400 degrees centigrade, a silane flow rate of
about 120 standard cubic centimeters per minute (sccm), a nitrous
oxide (oxidant) flow rate of about 1100 standard cubic centimeters

per minute (scem) and a reactor chamber pressure of about 2 torr.

Analogously with the first group of three semiconductor
substrates, one semiconductor substrate within the second group
received ' an oxygen plasma treatment, a second semiconductor
substrate received a nitrogen plasma treatment and the third
semiconductor substrate received no plasma treatment. The
conditions under which were provided the nitrogen plasma and the
oxygen.plasma.treatments were equivalent to the conditions employed

for the first group of three semiconductor substrates.

Each of the six semiconductor substrates then had formed
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materi al s through whi ch bl anket. pl anari zed Pre-Metal Dielectric (PMD)
| ayers may be fornmed are known in the art of integrated circuit

manuf act ur €.

Bl anket pl anarized Pre-Metal Dielectric (PVD) REPLACEMENT

SHEET 1 2 DEC 1996 - 18 - layers are typically formed through
pl anari zing through nethods as are conventional in the art of blanket
conformal Pre-Metal Dielectric (PMD) quegé__ Bl anket conformal Pre-Metal

Dielectric

TSMC 95-155

upon its surface an ozone assisted Chemical Vapor Deposited (CVD)
silicon oxide insulator layer, under equivalent conditions. The
parameters under which were formed the ozone assisted Chemical
Vapor Deposited (CVD) silicon oxide insulator 1layers were an
ozone:TEOS molar ratio of about 14, a reactor pressure of about 450
torr, a Tetra.Ethyl Ortho Silicate (TEOS) flow rate of about 35
standard cubic centimeters per minute, a background helium flow of
about 2300 standard cubic centimeters per minute, a deposition
temperature of about 400 degrees centigrade and an oxygen (ozone
carrier gas) flow rate of about 5000 standard cubic cenéimeters per

minute (scem).

The ozone assisted Chemical Vapor Deposited (CVD) silicon
oxide insulator layers were deposited for a time sufficient to form
upon the surfaces of the two wafers which received no plasma
treatment an ozone assisted Chemical Vapor Deposited.silicon oxide
insulator layer of about 5000 angstoms. The resulting thicknesses
of the ozone assisted Chemical Vapor Deposited (CVD) silicon oxide
insulator layers on the.remaining four wafers were then measured.
The values for the thicknesses of the six ozone assisted Chemical
Vapor Deposited (CVD) silicon oxide insulator layers are reported

in TABLE I.

This Sheet Has Been Repl

[T




(PVD) layers may be forned of silicon oxide dielectric materials, silicon
nitride dielectric materials and silicon oxynitride dielectric nmaterials

" deposi‘t ed dpon sem conductor substrates through nethods including but not
limted to Chem cal Vapor Deposition (CVD) nethods, Plasma Enhanced
Chem cal Vapor Deposition (PECVD) nethods and Physical Vapor Deposition
(PVD) sputtering nethods. For the first preferred enbodi nent of the nethod
of the present invention, the bl anket praﬁ rized Pre-Metal Dielectric (PND)
| ayer 20 is Bkﬁéeéggggé formed through planarizing a conformal Pre-Metal
Dielectric ( ayer fornéd froma silicon oxide dielectric materi al
deposi ted upon the sem conduct or substmageglP through a Plasma Enhanced
Chem cal Vapor Deposition (PECVD) nethod,

Substrate Layer Plasma 03-TEOS Thickness
PECVD-TEQS none 5000 angstroms
PECVD-TEOS oxygen 3780
PECVD~TEOS nitrogen 5500
PECVD-silane none 5000

. PECVD-silane oxygen 3540
PECVD-silane nitrogen 4550

As is seen from review of the data in TABLE I, the rate
of formation of ozone assisted Chemical Vapor Deposited silicon
oxide insulator layers upon silicon oxide insulator layers formed
through a Plasma Enhanced Chemical Vapor Deposition (PECVD) method
employing silane as a silicon source material are retarded when the

~ Plasma Enhanced Chemical Vapor Deposited (PECVD) silicon oxide
insulator layer is treated with either a nitrogen or_an oxygen

plasma.

In contrast, the rate of formation of an ozone assisted
Chemical Vapor Deposited (CVD) silicon oxide insulator layer upon
a Plasma Enhanced Chemical Vapor Deposited (PECVD) silicon oxide
insulator employing Tetra Ethyl Ortho Silicate (TEOS) as a silicon
source material is enhanced when the Plasma Enhanced Chemical Vapor

Deposited (PECVD) silicon oxide insulator layer is treated with a
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as is common in the art. The bl anket planarized Pre-Metal Dielectric
(PMD) | ayer 20 may be planarized through a Reactive lon Etch (RIE) etchback
pl anari zi ng’ method or a Chenical Mechanical Polish (CWP) planarizing

met hod, as is common in the art. Typically, although not exclusively, the
bl anket pl anarized Pre- Metal Dielectric (PVD) |ayer 20 w ll. not
substantial ly benefit. fromthe uniform Chepjcal Mechanical Polish (CW)

pl anari zi ng net hod of- the present invention, since the blanket planarized
Pre-Metal Dielectric (PHD) layer 20 will not typically exhibit substantial
non-uni form ty NeNensp+EEsari zed t hrough a Chem cal - Mechani cal Pol i sh

nitrogen plasma and retarded when the Plasma Enhanced Chemical
Vapor Deposited (PECVD) silicon oxide insulator "layer is treated

with an oxygen plasma.

EXAMPLE 7

A series of four semiconductor substrates was prepared in
accord with the first preferred embodiment of the method of the
present invention, as illustrated by the schematic cross-sectional
diagram shown in Fig. 6. Formed upon the semiconductor substrate
was a high areal density region R1 having about 50 percent coverage
of the semiconductor substrate surface bY a patterned first
conductcf layer, and a low areal density region R2 having about 30
percent coverage of the semiconductor substrate by the patterned
first conductor 1layer. Upon each of the four semiconductor
substrates was then formed an insulator layer. The four insulator
layer thicknesses spanned the range of about 2.1 microns to about
2.9 microns. Each of the four insﬁlatorllayers was then Chemical
Mechanical Polish (CMP) planarized with equivalent Chemical
Mechanical Polish (CMP) planarizing processes employing a silica
polishing slurry at a‘chemical Mechanical Polish (CMP) planarizing
Pressure of about 8 pounds per square inch (psi), a wafer rotation
speed of about 40 éevolutions per minute (rpm) and a platen (pad)
rotation speed of about 40 revolutions per minute (rpm). After the

Chemical Mechanical Polish (CMP) planarizing processing, the
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- 19 - (QwW) met hod. Al so shown in Fig. 4is thé presence of patterned

first conductor

bl anket’ pl anari zed Pre-Metal Dielectric (PVD) |ayer 20. Methods and

mat eri al s through which patterned conductor |ayers nay be formed within
integrated circuits are known in the-art. Patterned conductor |ayers are
typically formed through patterning bl anket conductor |ayers through
phot ol i t hographi ¢ and et chi ng net hods as- #% «xnown in the art. The bl anket
conduct or | ayersugrag-pgs f or med from conduct.i ve naterlals i ncl udi ng but not

l[imted to

thicknesses of the four insulator layers were remeasured over the
high areal density region R1 and the low areal density region R2.
A plot of Insulator Layer Thickness Remaining versus Initial

Insulator Layer Thickness is show in Fig. 10.

Within Fig. 10, reference numeral 50 corresponds to the
data points obtained from measurements of the insulator layers
residing upon the high areal density region R1. Analogously,
reference numeral 52 corresponds to the data points obtained from
measurements of the insulator layers residing upon the low areal

density region R2.

From review of the data plotted within Fig. 10 it is
concluded that portions of the insulator layers which were formed
upon the 1low areal density region R2, v, more rapidly in a
Chemical-Mechanical Polish (CMP) planarizing process than do
otherwise equivalent portions of the insulator layers which reside
upon the, high areal density region R1 of the same semiconductor

substraté.

In conjunction with the data reported for EXAMPLES 1-6
within TABLE I, the data illustrated for EXAMPLE 7 within Fig. 10
support the viability of the preferred embodiments of the method of
the present invention in.forming uniformly Chemical-Mechanical

Polish (CMP) planarized 4insulator layers within integrated
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metals, nmetal alloys and doped pol ysilicon deposi tWt or
substrate through nethods including but not limted to thernmally assisted
evapor ati on net hods, el ectron beam assi sted evapor;%ﬂ!ﬂ m’m)mg m cal
Vapor Deposition (CVD) nethods and Physical Vapor : mgj
sputtering methods. For the first preferred enbodi ment of the neéthed of the
present invention, the patterned first‘go?ﬂugtor | ayers 22a, 22b, 22c and
22d are preferably formed through patterninhg of a bl anket conductor |ayer
formed from [l - [ stack. The tri-layer stack preferably consists of:
(1) a bl anke%#%é\ésaﬁgﬁi er layer fornmed of a titaniumnitride at a

t hi ckness of egﬂ?higqo to about 1200 angstrons, (2) a blanket m ddle
conductor |ayer formed of an

What is claimed is:
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al um num cont

aining alloy at a thickness of about 5

6000 angstrons, and (3) a bl anket upper barrier |ayer ni um
nitride at *a thickness of about 1000 to about 1400 ang ‘&a ﬁ'g !ghown
in Fig. 4, the patterned first conductor |ayers 22a, ein

a high areal
22b, 22c¢ and
a low areal d
22D,

10

15

20

density region Rl of the patterned first conductor l|ayers 22a,

22d, while the patterned fi{ t conductor |ayer 22d resides
ensity region R2 of the pat

TSMC 95-155

1. A method for forming an insulator layer with enhanced
uniformity when planarized through a Chemieal-Mechanical
Polish (CMP) planarizing process comprising:

providing a semiconductor substrate;

forming upon the semiconductor substrate al patterned
layer, the patterned layer having a volume density greater
than the volume density of an insulator layer to be forﬁed
upon the patterned layer, the patterned layer also having a
first region having a high areal density of the patterned
layer and a second region having a low areal density of the
patterned layer;

masking the second region of the patterned layer;

exposing then the first region of the patterned layer to
a first plasme, the first plasma being capable of modifying
the first region of the patterned layer such that the
insulator layer will form less rapidly upon the first region
of the patterned layer than upon the second region of the
patterned layer;

unmasking the second region of the patterned layer; and,

forming upon the patterned layer the insulator layer, the
insulator layer being thicker over the second region than over

the first region.

2. The method of Claim 1 wherezn the patterned layer is a

patterned conductor layer.
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22c and 22d. The method of the present invention provides value in formng
uni formy Chem cal - Mechani cal Polish (CMP) planarized insul ator |ayers when

the difference in the areal densities of the patterneel—l—ayewts—i—n—t—he—hl—gh
areal density region RlL and the |ow areal density regi

about 10 percent. Typically, the areal density of the “’@N ﬂ HI
within the high areal density region Rlggill be greatie

percent and the areal density of the patterned |layers within the Iow areal
density region R2 will be less than about 30 percent. The nethod of the

present inven S@zprovides value in formng a uniformy
Chem cal - I\/Echgﬁﬁgafg é’%lsi sh (CwP) planarized

3. The method of Claim 2 wherein the difference in areal
density of the patterned conductor layer within the first
region and within the second reéion is at least about 10

percent.

5 | 4. The method of Claim 1 further comprising forming a second
insulator layer conformally directly upon the patterned layer
prior to exposing the patterned layer to the first plasma, the
second insulator layer being formed from a silicon oxide
deposited through a Plasma Enhanced Chemical Vapor Depositlon

10 (PECVD) method employing Tetra Ethyl Ortho Silicate (TEOS) as

a silicon source material.

5. The method of Claim 4 wherein the first plasma is an

oxygen plasma.

a5 6. The method of Claiim 1 further comprising forming a second
insulator layer conformally directly upon the patterned layer
prior to exposing the patterned layer to the first plasma, the
second insulator layer being formed from a silicon oxide
deposited through a Plasma Enhanced Chemical Vapor Deposition

20 (PECVD) method employing silane as a silicon source material.

7. The method of Claim 6 wherein the first plasma is

selected from the -group of plasmas consisting of oxygen
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i nsul ator | ayer when there exists a substantial volume density difference

~between the.insulator |ayer to be planarized and the patt

which the i'nsul ator |ayer resides. In practice the rqum,"H"ma'mrmmmr
density difference is obtained when - 21 - the patterned Icayer s a »
patterned conductor |ayer within an integrated CIrCUIt and the insul ator
~layer is a silicon oxide or a silicon nityide insulator within the
“integrated circuit, although other conbinations of insulator |ayers and

patterned | ayers of high
TSMC 95-155

plasmas and nitrogen plasmas.

8. The method of Claim 1 wherein: _
the first plasma is provided at a mixed radio frequency
5 power having a first radio frequency poﬁer of from about 40 to
about 60 watts at a first radio frequency of 13.56 MHz and a
second radio frequency power of from about 420 to about 480
watts at a second radio frequency 6f 350 kHz; and
the first plasma is provided for a time pesiod of from

10 about 50 to about 70 seconds.

9. The method of Claim 1 wherein the insulator layer is an
ozone assisted Chemical Vapor Deposited (CVD) silicon oxide

insulator layer.

10. The method of Claim 9 wherein the ozone assisted Chemical
15 Vapor Deposited (CVD) silicon oxide insulator layer employs
Tetzra Ethyl Ortho Silicate (TEOS) as a silicon source material

at an ozone:TEOS molar ratio of from about 12:1 to about 16:1.

11i. A method for férming an insulator layer with enhanced
uniformity when planarized through a Chemical-Mechanical
20 Polish (CMP) planarizing process comprising:
providing a semiconductor substrate;

forming upon the semiconductor substrate a patterned

—
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vol une den5|ty may al so be enployed. Referring now to Fig. 5-there—+s—shown——

a schematic, cross- sectional diagramillustrating the results
processing of the int egrated circuit whose structure is illust h’“ﬁuﬂ iimmnll"l
4. Shown in Fig. 5 is the presence of a bl anket confornal flrs

Metal Dielectric (IMD) layer 24 which is fornmed upon the surface of the
Integrated circuit whose structure is illystrated in Fig. 4. Wile there

are several nethods and materials through which bl anket confornal

Inter-Metal Dielectric (IMD) layers may be fornmed within integrated

circuits, thelBiQfRet5Tonf or nal flrst Inter-Metal Dielectric (IMD) |ayer 24

within the first preferr of tt}le rrethodo the resent
i nvention is choseAY&tth e’f%aﬁ §’ﬁe ‘18yer haviRg '3 nsity greater

than the volume density of an insulator layer to be formed
upon the patterned layer, the patterned iayer also having a
first region having a high areal deﬁsity of the patterned
5 layer and a second fegion having a iaw areal density of the
patterned layer;
masking'tpe first region of the patterned layver;
exposing then the second region of the patterned layer to
a second plasma, the second plasma being capable of modifying
io the second region of  the patterned layer sucﬁ that the
insulator layer will form moré rapidly upon the second region
of the patterned layer than upon the first region of the
patterned layer;
unmasking the first region of the patterned layer; and,
15 forming upon the patterned léyer the insulator layer, the
insulator layer being thicker over the second region than 6ver

the first region.

12. The method of Claim 11 wherein the patterned layer is a

patterned conductor layer.

20 13. The method of Claim 12 wherein the difference in areal
density of the patterned conductor layer within the first
region and within the second region is at least about .10

percent.
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treated with a first plasma 28 the bl anket confornmal

Dielectric (I1MD)

_ _ | ayer 24 will retard the growh of Iator Iayer
"which is formed upon the surface of the bl anket conf'or mﬂmiu’u’ ﬂm t al

Dielectric (1MD)

| ayer 24. Thus, within the first &

of the method of the present invention, the choice of the nethod and
mat eri al through which is fornmed the bI anﬁeat conformal first Inter-Metal

Dielectric (1MD).

| ayer 24 is undertaken™i

conjunction with the choice of

the first REPLACEMENT SHEET 12 DEC 1996
TSMC 95-155
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14. The method of Claim 11 further comprising forming a
second insulator layer conformally directly upon the patterned
layer prior to exposing the patterned layer to tﬁe second
plasma, the second insulator layer being formed from a silicon
oxide 'depoéited through a Plasma Enhanced Chemical Vabor
Deposition (PECVD) method employing Tetra Ethyl Ortho Silicate

(TEOS) as a silicon source material.

15. The method of Claim 14 wherein the second plasma is a

nitrogen plasma.

16. The method of Claim 15 wherein:
the nitrogen plasma is provided at a mixed radio
frequency power having a first radio frequency power of from
about 40 to about 60 watts at a first radio frequency of 13.56
MHz and a second radio frequency power of from about 420 to
about 480 watts at a éécond radio frequency of 350 kHz; and
the nitrogen plasma is provided for a time period of from

about 50 td about 70 seconds.
17. The method of Claim 11 wherein the insulator layer is an
ozone assisted Chemical Vapor Deposited (CVD) silicon oxide

insulator layer.

18. The method of Claim 17 .wherein the ozone assisted

T
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- 22 -

plasma 28 and a gap filling insulator |ayer | .S subsequently
‘formed upon the bl anket conformal first Inter-N@taIm?;g?gEfTTE‘TTﬁﬁ»~Lay
24. Wihin the first preferred enbodi nent of the pres ', i t has
been found experinentally that a bl anket conformal fi Mﬂ N@Eﬂ
Dielectric (IMD) layer 24 formed of a silicon oxide depo§|ted gh

Pl asma Enhanced Chem cal Vapor Dep03|t|oné PECVD) net hod enpl oyi ng Tetra

Et hyl

Ortho Silicate (TEOQS) as a silicon

urce material will inhibit the

growh of a gap filling insulator |ayer fornmed upon the bl anket confornma

first
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Chemical Vapor Deposited (CVD) silicon oxide insulator layer
employs Tetra Ethyl Ortho Silicate (TEOS) as a silicon source
material at an ozone:TEOS molar ratioc of from about 12:1 to

about 16:1.

19. A method for forming an insulator layer with enhanced
uniférmity when planarized through a Chemical-Mechanical
Polish (CMP) plaﬁarizing process comprising:

providing a semiconductor substrate; :

forming upon the semiconductor substrate a patterned
layer, the patterned layer having a wvolume density greater
than the wvolume density of an insulator layer to be formed
upon the patterned layer, the patterned layer also having a
first region having a high areal density of the patterned
layer and a second region having a low areal density of the
patterned layer;

masking the second region of the patterned layer and
exposing then the first region of the patterned layer to a
first plasma, the first plasma being capable of modifying the
first region of the patterned layer such that the insulator
layer will form less rapidly upon the first region of the.
pattefned layer than upon the second region of the patterned
layer;

unmasking the' second region of the semiconductor

substrate;
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Inter-Metal Dielectric (IMD) |ayer 24 when the bl anket conformal first
Inter-Metal Dielectric (IMD) layer is treated with an oxygenm plrasne: tt

has al'so been found experinentally that the sane inhibiti i
obt ai ned when the bl anket conformal first Inter-Metal Di Hﬂtﬂ”“g’"l‘j@””m :
| ayer 24 is: (1) forned of a silicon oxide deposited throughea Kl asmas «
Enhanced Chem cal Vapor Deposition (PECVD) nethod enpl oying silane as a
silicon source material, and (2) subsequ |y treated with a first plasna
28 consisting of a nitrogen plasma or an oxygen plasma. It is thus any of
the three foregoi ng conbinati ons of bl anket conformal first Inter-Metal
Dielectric (I C1¥6r45524 and first plasma 28 which provide the preferred

conbi nations of the first preferred enbodi nt of the
maskfng t%e fdirst regr{gn o% t&xe patterned layer and

exposing then the second region of the patterned layer to a
second plasma, the second plasma being capable of modifying
the second region of the patterned layer such that the
5 insulator layer will form more rapidly upon the second region
of the patterned layer than upon.the first region of the
patterned layer;
unmasking the first region of the sgmiconductor
substrate; and, :
10 forming then upon the patterned layer the insulator

layer, the insulator layer being thicker over the second

region than over the first region.

20. The method of Claim 19 wherein the patterned layer is a
patterned conductor layer, the patterned conductor layer
i5 having a difference in areal density within the first region

and within the second region of at least about 10 percent.

21. The method of Claim 19 further comprising forming a
second insulator layer conformally directly upon the patterned
layer prior to exposing the patterned layer to the first
20  plasma and the second plasma, the second insulator layer being
formed from a silicon oxide deposited through a Plasya
Enhanced Chemical Vapor Deposition (PECVD) 'mei;hod employing

Tetra Ethyl Ortho Silicate (TEOS) as "a silicon source
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met hod of the present invention. - 23 - Preferably, the blanket
conformal first Inter-Metal Dielectric (IMD) layer 24 is fornmed to a

t hi cknéss of about 500 to about 2000 angstroms at: (1) —a—semconduet

substrate tenperature of from about 380 to about 420 de

(2) a Tetra Ethyl Otho Silicate (TECS) flow rate of fr mEiHmwlt E@
6 standard cubic centineters per mnute ésccn) (or a si

from about 80 to about 140 standard cubi @lcentineters per ninute

TSMC 95-155

material.

22. The method of Claim 21 wherein the first plasma is an

oxygen plasma and the second plasma is a nitrogen plasma.

23. The method of Claim 22 wherein:
5 the oxygen plasma is provided at a mixed radio frequency
power having a first radio frequency power of from about 40 to
about 60 watts at a first radio frequency of 13.56_MHz and a
second radio frequency power of from about 420 to about 480
watts at a second radio frequency of 350 kHz;
1o the oxygen plasma is provided for a time period of from
about 50 to about 70 seconds;
the nitrogen plasma is provided at a mixed radio
frequency having a first radio frequency power of from about
40 to about 60 watts at a first radio frequency of 13.56 Mhz
15 and a second radio frequency power of from about 420 to about
480 watts at a second radio frequency of 350 kHz; and
the nitrogen plasma is provided for a time period of from

about 50 to about 70 seconds.

24. The method of Claim 19 wherein the insulator layer is an
20 ozone assisted Chemical Vapor Deposited (CVD) silicon oxide

insulator layer.
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(sccm); (3) a background heliumflow rate (used only when enploying Tetra
Ethyl Otho Silicate (TEGS)) of from about 600 to about 1000 standard cubic
centineters per minute; (4) an oxygen (oxidant) flow raﬂﬂmﬂﬂmummg!ﬂmroo
to about 800 standard cubic centinmeters per mnute (scc I

Tetra Ethyl Ortho Silicate (TEOS) (or a nitrous oxide (oXidant} f'ow rdte
of from about 900 to about 1300 standard %ubic centimeters per mnute
(sccm, when enploying silane); and (5)'3 réact or chanber pressure of from
about 5 to about 10 torr when enploying Tetra Ethyl Ortho Silicate (TEOS),

or a reactor chanber pressure of fromabout 1 to about 5 tbrr when
enpl oyi ng si | BPMC 99-485shown in Fig. 5 is the presence of a patterned first

25. The method of Claim 24 wherein the ozone assisted
Chemical Vapor Deposited (CVD) silicon oxide insulator layer
employs Tetra Ethyl Ortho Silicate (TEOS) as a silicon source
material at an ozone:TEOS molar ratio of from about 12:1 to

- about 16:1.
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mask | ayer 26 which nmasks the surface of the blanket conformal first
Inter-Metal Dielectric (IMD) layer 24 residing in the |ow areal density
region R2.*Patterned mask | ayers, and bl anket nmask | ayers from which
patterned mask | ayers are forned, are known in the art of integrated
circuit manufacture. Such mask | ayers are - 24 - typically, although not

exclusively, formed from photoresist matgrg als. For the frrst—prefer+red-
enbodi nent of the nethod of the present invention, th@hﬂ%h&ﬁéﬂ%gmfﬂers'f mask

laced
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formed of a photoresist which is inpervious to the first plasma 28 which is
enployed in treating portions of the blanket conformal first Inter-Metal
Dielectric>(IVMD) |ayer 24 not covered by the patterned first nmask | ayer 26.
Preferably, the patterned first mask | ayer 26 is from about 5000 to about
10000 angstrons thick. Finally, there is shown in Fig. 5 the presence of
the first plasna 28, the conposition of which is chosen such that treatnent
- of exposed portions of the blanket conf@®al first Inter- Metal Dielectric
(IVD) layer 24 with the first plasm 28 will retard growh of a first gap
filling insulator |ayer formed upon those portions of the bl anket confornal
first Inter-Metal Dielectric (IMD) |ayer 24. As discussed above, it has

been found
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experinmentally for the first preferred enbodi nent of the nethod of the
present invention that the first plasma 28 is preferably: (1) an oxygen

pl asma when the bl anket conformal first Inter-Metal Dielectric (I1MD) |ayer
24 is formed of a silicon oxide formed through a Plasnma Enhanced Chem cal
Vapor Deposition (PECVD) nmethod enploying Tetra Ethyl Otho Silicate (TEQCS)
as the silicon source material, and (2) nZPt her an oxygen plasnma or a
nitrogen plasnma when the bl anket confor first Inter-Metal Dielectric
(IVD) layer 24 is fornmed of a S|I|con oxi de formed through a Pl asna

I
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- 25 - Chem cal Vapor Deposition (PECVD) nethod enploying silane as the
silicon source material. Preferably the oxygen or nitrogen first plasma 28
is forred af: (1) an oxygen or nitrogen flow rate of from about 400 to
about 600 standard cubic centineters per mnute (sccm; (2) a reactor
chanber pressure of fromabout 1 to about 2 torr; (3) a sem conductor
substrate tenperature of from about 100 g about 200 degrees centi grade;
and (4) a mxed radi o frequency power 348ng a first radio frequency power
.of from about 40 to about 60 watts at a first radio frequency of 13.56 Mz
and a second radi o frequency power of from about 420 to about 480 watts at

a second radio
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frequency of 350 kHz. Preferably, the exposed portions of the bl anket
~conformal first Inter-Metal Dielectric (IMD) layer 24 are treated with the
- oxygerr or ritrogen first plasma 28 for a tinme period of fromabout 50 to
about 70 seconds. As is understood by a person skilled in the art, other
conbi nations of the blanket conformal first Inter-Metal Dielectric (1 MD)

| ayer 24 and the first plasna 28 nay be enployed to effectuate the desired
growth rate inhibiting effect when forni Bd8an insul ator |ayer upon the

bl anket conformal first Inter-Metal Dielectric (I1MD) |ayer 24. Such
conbi nati ons may include the absence of the bl anket conformal first
Inter-Metal Dielectric (IMD) layer 24 and the direct treatnent of patterned
| ayers such as
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- 26 - patterned first conductor |ayers 22a, 22b and 22c with an
appropriate first plasnma 28. Wt hout undue experinentation, a person
skill®ed in~the art should be able to determ ne the nost appropriate and
wor kabl e conbi nations. Referring nowto Fig. 6, there is showm a schematic
cross-sectional diagramillustrating the results of further processing of
the integrated circuit whose structure is iélustrated in Fig. 5. In order
to arrive at the integrated circuit whose
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structure is illustrated in Fig. 6, the patterned first mask |layer 26 is
first renoved fromthe integrated circuit whose structure is illustrated in
Fig. 3. The patterned first mask |ayer 26 may be renoved through nethods as
are conventional in the art, including but not linmted to sol vent stripping
met hods and Reactive lon Etch (RIE) etch nethods. Subsequent to renoving
the patterned first mask |ayer 26, thereyyg then forned upon the surface of
t he bl anket conformal first Inter-Metal Dielectric (IMD) |layer 24 a bl anket
first gap filling insulator [|ayer 30. The blanket first gap filling
i nsul ator |ayer 30 exhibits a dimnished growth rate upon portions of the
bl anket conformal first Inter-Metal Dielectric (INMD) |ayer
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24 whi ch have been treated with the first plasma 28. For the first
preferred enbodi nent of the nethod of the present invention, the blanket
first gap fTl1ling insulator layer 30 is preferably forned -27- from an
ozone assi sted Chem cal Vapor Deposited (CVD) silicon oxide insulator |ayer
enploying Tetra Ethyl Otho Silicate (TEOCS) as a silicon source materi al
The preferred process paraneters under W;B; Is fornmed the bl anket first
gap filling insulator layer 30 include a
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ozone: TECS nol ar ratio of fromabout 12:1 to about 16:1, a reactor pressure
of fron1about 450 to about 600 torr, a'Tetra Ethyl Crtho Silicate (TEQS)
flow rate of from about 27 to about. 42 standard cubic centineters per

m nute (sccm, a background heliumflow of fromabout 1700 to about 2300
standard cubic centineters per mnute (sccn, a deposition tenperature of
from about 36frHorRlFOK rdROVENCEE THEC SMEMICAYS MECHANTCALY DORIEHZ QCMPgar i er

per mnate (scon. G ven a ymoRn g PR ENSHEAE BAZERS T Qhout “100 to

about 240 seconds, the thickness of the blanket first gap filling
I nsul ator | ayer 30 above the peBSTRAGTJOF ITHE DISCINSURBr | ayers 22a, 22b and
22c in the high areal density region RL will be from about

A method for forming an insulator layer with enhanced
uniformity when planarized through a Chemical-Mechanical Polish
(CMP) planafizing process. There is first provided a semiconductor
substrate having formed thereupon a patterned layer. The patterned
layer has a volume density Qreater than the volume density of an
insulator 1layer to be formed upon the patterned layer. . The
patterned layer also has a first region having a high areal density
of the patterned layer and a second region having a low areal
density of the patterned layer. 'The second regioh of éhe pé;terned
layer is then masked. The first region of the patterned layer is_
then exposed to a first plasma which is capable of modifying the

"first region of the patterned layer such that the insulator layer
will form less rapidly upon the first region of the patterned layer
than upon the second region of the patterned layer. The second
region of the semiconductor substrate is theﬁ unmasked and the
insulator|1ayer is formed upon the patterned layer. The insulator
layer so formed being thicker over the second region than over the
first region. As a first alternative the first region of the
patterned layer may be masked and the second region of the
patterned layer exposed to a second plasma which enhances the
growth of the insulator layer. As a second alternative, both the
first plasma and the second plasma may be employed through

sequential masking steps.

(FIGURE 3 IS SUGGESTED FOR PUBLICATION)
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bout 5000 angstrons, while the thi ckneds OREPhACBMENKRESHEERTS ( =P
| ayer 30 above the patterned fli sDeseiptitict pigeiaysio 2agsid2

't he 'oW"ar &al

3000 to a
1f i Hﬂpﬁgﬂjﬁ o ﬁ% ul at or
r€al density region'R2 will be from abgulr@R6afis) 0 aput ,ﬁ@@Ogigﬁ,,{J

;ang'st roms.” Finally, there is shown in Fig. 6 th BEGASEsP! pdged . @nggtka . &
first conformal Inter-Conductor Dielectric (ICD %Aggtmgg . ggéag__/tofﬁg[g%ﬁq:

‘upon the surface of the blanket first gap fillimg insulator 1ayer
s t he bl anket first conformal Inter-Corduct-or | DATE OF RECEIPT.... 5. 000!

METHOD FOR IMPROVING THE CHEMICAL-~MECHANICAL POLISH (cMP)
UNIFORMITY OF INSULATOR LAYERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to insulator
layers within integrated circuits. More particularly, the present
invention relates to methods for improving the Chemical-Mechanical

Polish (CMP) uniformity of insulator layers within integrated

Ccircuits.
2. Description of the Related Art

As integrated circuit'technolcgy'nas advanced, integrated
Circuit device and conductor element dimensions have continually
decreased. while aspect ratios of conductor elements which
inFerconnect those integrated circuit devices have continually
increased. Thus, it has become increasingly more iﬁportant within
advanced integrated circuits to provide'hanufactdrable ahdureliable
methods for connecting: (1) high aspect ratio conductors with other
high aspect ratio conductors within those integrated circuits, and
(2) high aspect ratio conductors with narrow line-width integrated

circuit devices within those integrated circuits.
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D el ectr| c (ICD) layer 32 which is desired to be uniformy

- Cheg tal*®\echani cal Polish (CMP) planarized through the nmethod of the
pres’ént Jention. Although bl anket conformal |nter-Conductor Dielectric
(1 CD) Iayers may in general be forned through several nethods and
materials, including but not limted to silicon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride materials

forned through methods including but not linted to Chenical Vapor
‘Deposition (€CVD) nethods, Plasma Enhanced énéni cal Vapor Deposition (PECVD)

met hods and Physical Vapor Deposition (PVD) sputtering nmethods, the
bl anket first conformal Inter-Conductor Dielectric (ICD) layer 32 is
preferably formed of a silicon oxide dielectric material -formed through a
Of the methods for interconnecting high aspect ratio
conductors within advanced integrated circuits and connecting high
aspect ratio conductors with narrow line-width integrated circuit
devices within advanced integrated circuits, methods involving the
formation of interconnection studs or contact studs within
planarizéd insulétor layers have gained the most wide acceptance.
i Such methods typically first provide that an insulator layer is
formed upon a semiconductor substrate, the semiconductor Substrate
having formed upon its surface high aspect ratio conductors and/or
narrow line~width integrated circuit devices .to which
interconnections and/or connections are desired. The entire
surface of the insulator layer is then planarized prior to etching
through the planarized insulator 1layer vias into which are
subsequently formed conductive interconnection studs or conductive
contafg_studs. The planarizing may be accomplished through methods

including but not limited to Reactive Ion Etch (RIE) - etch-back

planarizing methods and Chemical-Mechanical Polish (CMP)

pPlanarizing methods.

Due to its potential for providing planarized insulator
layers encompassing a wide variety of insulator materials and
process conditions, Chemical-Mechanical Polish (CMP) planarizing
methods have gained wide acceptance in planarizing insulator layers
within integrated circuits. Chemical-Mechanical Polish (CMP)

Planarizing methods are not, however, without limitations. In
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Pl asma Enhanced Chem cal Vapor Deposition (PECVD) nethod. The bl anket

. figgt c®nformal Inter-Conductor Dielectric (1CD) layer 32 is preferably

- from about 13000 to about 17000 angstronms thick. Referring nowto Fig. 7
‘there is shown a schematic cross- section diagramillustrating the results
of further processing of the integrated circuit whose structure is
illustrated in Fig. 6. Showmn in Fig. 7 is a blanket first planarized

- Inter-Conductor Dielectric (ICD) layer 323 which is formed through

- Chem cal - Mechani cal Polish (CWP) planarizing of the blanket first
conformal Inter-Conductor Dielectric (1CD) |layer 32. For the first

. preferred

particular, it is known in the art that several factors influence
the uniformity of planarized insulator layers which have been
planarized through the Chemical-Mechanical Polish (CMP) method. Of
these factors, a first factor is the mechanical characteristics of
the substrate layers residing beneath the insulator layer desired
to be planarized. 1In general, substrate layers of high volume
density will retard Chemical-Mechanical Polish (CMP) planarizing
rates of insulator layers residing upon those high wvolume density
substrate layers. In addition, a second factor is the areal
density of the substrate la-yer upon which is formed the insulator
layer desired to be planarized. In general, a high areal density
of a high volume density substrate layer will further retard
Chemical-Mechanical Polish (CMP) rates of insulator layers formed
upon those high areal density and high volume density substrate

layers ‘

The disparity in Chemical-Mechanical Polish (CMP)
planarization rates exhibited by insulator layers as a function of
areal densities and volume densities of substrate layers which

underlie those insulator layers presents genuine problems in

forming integrated circuits having uniformly planarized insulator
, layers across their entire widths. An integrated circuit structure
which demonstrates this problem is illustrated by reference to Fig.

1 and Fig. 2.
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-29- enbodi ment of the nethod of the present invention, the Chenmi cal -
"Mechani cal Polish (CWMP) planarizing is preferably acconplished with a
silica slurry through Cheni cal - Mechani cal Polish (CW) nethods as are
conventional in the art. The Chem cal Mechanical Polish (CWMP) planarizing
is preferably undertaken at a Chenical Mechanical Polish (CW) planarizing
pressure of fromabout 7 to about 10 pounds per square inch (psi), a wafer
‘rotation speed of from about 30 to about _5Q revol utions per mnute (rpm
and a platen (pad) rotation speed of fromabout 30 to about 50 revol utions

per mnute (rpm.

Shown in Fig. 1 is a substrate layer 2, upon which
resides high volume density patterned layers 4a, 4b, 4c and 44,
which are typically patterned conductor layers. The first three
ﬁigh volume density patterned layers 4a, 4b and 4c reside in high
areal density region R1 of the high volume density patterned layers
4a, 4b, 4c and 4d. The remaining high volume density patterned
layer 44 resides in low areal density region R2 of the high volume
density patterned layers 4a, 4b, 4c and 4d. Formed upon the
substrate layer 2 ;nd the high.volume density patterned layers 4a,
4b, 4c and 4d is a gap filling insulator layer 6, and formed upon
the gap filling insulator layer 6 is a conformal insulator layer 8.
It is the conformal insulator layer 8 which is desired to be
planarized through a Chemical-Mechanical Polish (CMP) planarizing

method.

shown in Fig. 2 is the result of the Chemical-Mechanical
Polish (CMP) planarizing of the conformal insulator layer 8 as
illustrated in Fig. 1. éhown in Fig. 2 is the thinning of the
portion of the planarized conformal insulator layer 8' which
resides over the law éreal density region R2, in comparison with
the thicker portion of the planarized conformal insulator layer 8°'
which resides over the high areal density region R1i. It is towards
the goal of improving the Chemical-Mechanical Polish (CMP)
uniformity of planarized insulator layers, such as planarized

conformal insulator 1layer 8', that the present invention is
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As shown in Fig. 7, the blanket first planarized Inter- Conductor
‘Dietectric (1CD) layer 32' is substantially uniformover the high areal
density region RL and the | ow areal density region R2 of the patterned
first conductor |ayers 22a, 22b, 22c and 22d. The uniformty results from
the nore rapid Chem cal - Mechani cal Polish (CW) planarizing of the

t hi ckness of the blanket first conformal,Inter-Conductor Dielectric (ICD)

| ayer 32 which resides over the thicker gortion of the blanket first gap
filling insulator layer 30 in the |ow areal density region RIL. Typi cal |y,
‘'t he blanket first planarized Inter-Conductor Dielectric (ICD) |ayer 32' is
from about 3000 to about 5000 angstrons thick upon conpletion of the

Chem cal NECh&fzi-ech;lede ish (CWP) pl anari zi ng.

While the non-uniform Chemical-Mechanical Polish (CMP)
planarized insulator 1layers which result from areal density
variations and volume density variations of patterned layers which
underlie those insulator layers are known in the art, lesser known
in the art are methods by which the non-uniformity within those
Chemical-Mechanical Polish (CMP) planarized insulator 1a§ers may be
minimized or eliminated. One possible method to minimize or
eliminate the non-uniformity is to selectively and independently
deposit an additional insulator layer above and/or below those
portions of the insulator layer desired to be planarized which are
expected to have: the highesﬁ Chemical-Mechanical Polish (CMP)
Planarizing rate. While this method would compensate for localized
incr§§§ed planarizing rates of the insulator layer'desired to be
pPlanarized, the method also provides manufacturing complexity and
the fdfmation of an additional interface within the integrated

circuit.

Desirable in the art are methods whereby insulator layers

within integrated circuits may be uniformly Chemical-Mechanical

Polish (CMP) planarized independent of the areal density of high

. volume density patterned layers upon which those insulator lavers
é : are formed. Most desirable in the art are methods whereby such

insulator layers may be uniformly Chemical-Mechanical Polish (CMP)
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As is understood by a person skilled in the art, - 30 - additional

‘patt erned conductor |ayers, additional blanket conformal |nter-Metal
Dielectric (IMD) layers, additional blanket gap filling insulator |ayers
and additional Chem cal - Mechanical Polish (CWP) planarized |nter-Conductor
Dielectric (I1CD) |ayers may be fornmed upon the integrated circuit whose
structure is illustrated in Fig. 7 to form additional interconnecting

| ayers of the integrated circuit. Shown, igh Fig. 8 is a schematic
cross-sectional diagram

pPlanarized without need for an independently formed additional
patterned insulator layer to compensate areas of the insulator

layer having increased Chemical-Mechanical Polish (CMP) rates.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a
method for uniformly Chemical-Mechanical Polish (CMP) planarizing
an insulator layer within an integrated circuit, the uniform
Chemical-Mechanical Polish (CMP) planarizing being undertaken

independent of the areal density of high volume density patterned

layers upon which the insulator layer is formed.

‘Jﬁ A second object of the present invention is to provide a
metho&pin accord with the first object of the present invention,
which method may be practiced without need for an independently
formed additional patterned insulator layer to compensate areas of
the insulator layer having increased Chemical—Mechani§a1 Polish

({CMP) rates.

A third object of the present invention is to provide a
method in accord with the first object of the preseﬁt invention and
the second object of the present invention, which method is also

manufacturable.
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whi ch results fromsuch additional |ayers. Shown in Fig. 8 is the presence
> of a-sef'of patterned second conductor |ayers 34a, 34b, 34c and 34d, a

bl anket second conformal Inter-Metal Dielectric (IMD) layer 36, a blanket
'second gap filling insulator |ayer 38 and a bl anket second Chemi cal -
Mechani cal Polish (CWP) planarized Inter-Conductor Dielectric (1CD) |ayer
40. Each of the preceding |ayers is preferably formed through nethods,
materials and di nensions equival ent to theynethods, materials and

di mensi ons through which are forned the corresponding patterned first
conductor |ayers 22a, 22b, 22c and 22d, the bl anket conformal first
Inter-Metal Dielectric (IMD) layer 24, the blanket first gap filling

i nsul ator |ayer 30 and_t he , . .
In accord with the objects of the present invention,

there is provided a method for planarizing through a éhemical-
Mechanical Polish (CMP) method, and with enhanced uniformity, an
insulator layer within an integrated circuit. To practice the
method of the present invention, there is first provided a
semiconductor substrate having formed thereupon a patterned layer.
The patterned layer has a volume density greater than the volume
density of an insulator layer to be formed upon the patterned
layer. The patterned layer also has a first region having a high
areal density of the patterned layer and a second regién having a

low areal density of the patterned layer.

In a first embodiment of the method of the present
invention, the second region of the patterngd layer is masked. The
firsi:. "f"_region of the patterned layer is then exposed to a first
plasma':'which is capable of modifying the first region of the
pattezlixed layer such that the insulator layer will form less
rapidly upon the first region of the patterned layer than upon the
second region of the paéterned layer. The second region of the
patterned layer is then unmasked and the insulator layer is formed
upon the patterned layer. The insulator layer so formed is thicker

over the second region than over the first region.

In a second embodiment of the method of the present

invention, the first reéion of the patterned layer is masked. The
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bl anket first planarized Inter-Conductor Dielectric (I1CD) |ayer 32' as
-illustrdted in Fig. 7. Upon forming the integrated circuit structure
illustrated in Fig. 8, there is forned-an integrated circuit through the
first - 31 - preferred enbodi mrent of the nmethod of the present
invention. The integrated circuit so formed has forned therein multiple
“uni formy Chem cal - Mechani cal Polish (CWP) planarized bl anket

I nt er- Conductor Dielectric (1CD) Iayers_i&d_ependent of the areal density of

hi gh

second region of the patterned layer is then exposed to a second
plasma which is capable of modifying the second region of the
patterned layer such that the insulator layer will form more
rapidly upon the second region of the patterned layer than upon the
first region of the patterned layer. The first region of the
patterned layer is then unmasked and the insulator layer is formed
upon the patterned layer. The insulator layer so formed is thicker

over the second region than over the first region.

In a third embodiment of the method of the present
invention, the first embodiment of the method of the present
invention and the second embodiment of the method of the present
invention are combined to yield a patterned laver whose first
region.is treated with a first plasma and whose second region is
treaf;éa with a second plasma. The patterned layer so treated
yields’a patterned layer upon which the insulator layer forms much
more rapidly upon the second region of the patterned layer than the
first region of the éatterned layer, in comparison with the first
embodiment of the present invention or the second embodimen.t of the

present invention.

The present invention provides a method for forming an
insulator layer within an integrated circuit, which insulator layer
may be uniformly Chemical-Mechanical Polish (CMP) planarized

independent of the areal density of a high volume density patterned
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vol ume density patterned conductor |ayers which reside beneath the

unj form y Chem cal - Mechani cal Polish (CMP) planarized bl anket .

I nter-Conductor Dielectric (ICD) layers. In addition to the first preferred

enbodi ment of the nethod of the present invention, there also exists a

second preferred enbodi nrent of the nmethod of the present invention. The key

features of the second preferred enbodi nent of the nethod of the present

i nvention, in conparison with the first preferred enbodi nent of the nethod

~of the present invention, are illustrated9by reference to Fig. 9 and Fig.

- 10. Shown in Fig. 9 is a schematic cross-sectional diagramof an integrated
circuit simlar to the schematic cross-sectional '

layer upon which the insulator layer is formed. Through the first
plasma treatment and/or the second plasma treatment of the method
of the present invention there is provided a high volume density
patterned layer upon which is formed an insulator layer having: (1)
a greater thickness over a low areal density area of the high
volume density patterned layer, and (2) a lesser thickness over a
high areal density area of the high volume density patterned layer.
Due to the different thicknesses of the insulator layer, and the
corresponding differences in Chemical-Mechanical Polish (CMP)
planarizing rates of the insulator layer, the insulator layer may
be uniformly Chemical-Mechanical Polish (CMP) planarized
'independent of the areal density of a high volume density patterned

layer upon which the insulator layer is formed.

p The method of the present invention may be practiced
withduf need for an independently formed additional patterned
insulator layer to compensate areas of the insulator layer having
increased Chemical-Mechanical Polish (CMP) rates. Since the method
of the present’ invention inherently provides an insulator layer
having the thickness variations needed for uniform Chemical-

"Mechanical Polish (CMP) planarizing of the insulator layer, no
independent additional patterned insulator layers are needed to
compensate for poriions of the insulator layer having increased

Chemical-Mechanical Polish (CMP) planarizing rates.
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diagram of the integrated circuit illustrated in Fig. 5 wth several

. exgeptivns. In conparison with the schematic cross- sectional diagram

“illustrated in Fig. 5, the schematic cross- sectional diagramillustrated

.in Fig. 9 has a patterned first mask | ayer 26' which covers a portion of a
bl anket conformal first Inter-Metal" Dielectric (INMD) |ayer 24" which

resi des upon the patterned first conductor |ayers 22a, 22b and 22c within

. the high’ - 32 - areal density region RL. Wthin Fig. 9, the exposed '
portion of the - 10 -

The method of the present invention is readily
manufacturable. Although the specific methods and materials
through which are formed the uniformly Chemical-~Mechanical Polish
(cMP) pianarized insulator layers of the present invention are not
commonly known in the art, methods and matérials through which
insulator layers in general may be formed and modified within
integrated circuits are known in the art. Such .methods and
materials are employed within the method of the present invention,

and such methods are readily manufacturable.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings, which form a material part of
this dit.sclosure, show the following:

Fig. 1 and Fig. 2 show a pair of schematic cross-
sectional : diagrams illustrating non-uniform Chemical-Mechanical
Polish (CMP) planarizing of insulator layers through a method of

the prior art.

Fig. 3 to Fig. 8 show a series of schematic cross-
sectional diagrams illustrating progressive stages in forming an
integrated circuit into which are formed multiple . uniformly

Chemical-Mechanical Polish (CMP) planarized insulator layers

REPLACEMENT SHEET

12 DEC 996




bl anket conformal first Inter-Metal Dielectric (IMD) |ayer 24" -is treated
with a first pl asma 28'. Anal ogously with the first preferred enbodi nent of
‘the nmethod of the present invention, the second preferred enbodi ment of the
met hod of the present invention also requires a specific selection of the

met hod and materials through which are forned the bl anket confornal

"I nt er - Met al

t he present

first

Dielectric (IMD) layer 24" and the first plasna 28 such that
the growth characteristics of a blanket {4 rst gap filling insulator |ayer
upon the bl anket conformal first Inter-Metal Dielectric (INMD) |ayer 24
nodi fied. However, within the second preferred enbodi nent of the method of

i nvention, the nethods and materials through
through the first preferred embodiment of the method of the present

invention.

Fig. 9'and Fig. 10 show a pair of schematic cross-
sectional diagrams iilustrating intermediate process stages in
forming an integrated circuit into which is formed a uniformly
Chemical-Mechanical Polish (CMP) planarized insulator layer through

the second preferred embodiment of the present invention.

Fig. 11 shows a plot of Insulator Layer' Thickness
Remaining versus Initial Insulator Layer Thickness for Chemical-
Mechanical Polish (CMP) planarizing of insulator layers as

described in EXAMPLE 7.

DESCRIPTICN OF THE PREFERRED EMBODIMENTS

The present invention provides a method for forming
within an'ihtegrated circuit an insulator layer which may be
uniformly Chemical-Mechanical Polish (CMP) planarized independent
of the areal density of a high volume density patterned layer
residing beneath the insulator layer. The method through which is
formed the insulator layer of the present invention does not
involve forming upon and/or beneath the insulator layer an

additional independent patterned insulator layer to compensate for
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whi ch are forned the bl anket conformal first Inter-Metal Dielectric (1MD)
| agyer 28%' and the first plasma 28" are chosen such that a bl anket gap
filling insulator |ayer, when formed upon the bl anket conformal first
Inter-Metal Dielectric (IMD) layer 24", will have an enhanced growmh rate
rather than a retarded growth rate. It has been found experinentally that
"the desired gromh rate conditions will be fulfilled when: (1) the bl anket
conformal first Inter-Mtal Di electric_(HMDL | ayer 24' is forned froma
silicon oxide dielectric material deposited upon the sem conductor
substrate through a Plasma Enhanced Chemi cal Vapor Deposition

Chemical~Mechanical Polish (CMP) planarizing rate differences of
the insulator layer which correlate with the areal density of the
high volume density patterned layer residing beneath the insulatcer

layer.

The method through which is formed the uniformly
Chemical-Mechanical Polish (CMP) planarized insulator laver of the .
present invention involves: (1) treatment of high areal density
portions of‘the high volume density patterned layer w%th a plasma
which inhibits the growth of the insulator 1layer upon those
portions of the high volume density patterned laver, and/or (2)
treatment of low areal density portions of the high volume density
patterned layer with a plasma which promotes the growth of the
insulator layer upon those portions of the high volume density
patte;ned layer. The specific plasmas which may be employed to
treé:_£he high areal density and the low areal density regions of
the patterned layer, as well as the process parameters under which
those plasma$ are employed, have been determined experimentally and

are disclosed within the preferred embodiments of the method of the

present invention.

The method of the present invention may be employed in
forming insulator layers which may be unifcrmly Chemical-Mechanical
Polish (cMp) planarized. within various types' of integrated

circuits. The method of the present invention may be emploved in
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- 33 - (PECVD) nethod enploying Tetra Ethyl Otho Silicate (TEOCS) as the
sisd i conf source material, (2) the first plasma is a nitrogen plasma, and (3)
the gap filling insulator |layer is formed froman ozone assisted Chem cal
Vapor Deposited (CVD) silicon oxide insulator |ayer formed under conditions
equivalent to the conditions enployed in formng the bl anket first gap
filling insulator layer 30 illustrated in Fig. 6. Preferably, the blanket
conformal first Inter-Metal Dielectric-({M2) |ayer 24' is forned to a

t hi ckness of about 500 to about 2000 angstrons, at a sem conductor
substrate tenperature of

forming uniformly Chemical-Mechanical ©Polish (CMP) planarized
insulator layers within integrated circuits including but not
limited to Dynamic Random Access Memory (DRAM) integrated circuits,
Static Random Access Memory (SRAM) integrated circuits, Application
Specific Integrated Circuits (ASICs), integrated circuits having
within their fabrications Metal Oxide Semiconductor Field Effect
Transistors (MOSFETs), integrated circuits having within their
fabrications bipolar transistors and integrated circuits having
within <their fabrications Bipolar Complementary ﬂetal Oxide

‘Semiconductor (BiCMOS) transistors.

Referring-now to Fig. 3 to Fig. 7 there is shown a series
of cross-sectional schematic diagrams illustrating the results of
progressive process steps in forming a uniformly Chemical-
_Mecha;ical Polish (CMP) planarized insulator layer within an
inteé?éted circuit through the first preferred embodiment of_ﬁhe
method of the present invention. Shown in Fig. 3 are the results

of the early process steps in forming the integrated circuit.

Shown in Fig. 3 is a semiconductor substrate 10 upon and
within whose surface there are formed isclation regions 12a and
12b. Semiconductor substrates upon which the present invention may

- be practiced may be formed with eitﬁer dopant polarity, any dopant
concentration and any crystallographic orientation. Typically, the

semiconductor substrate 10 upon which is practiced the present

REPLACEMENT SHEET

12 DEC 1996




from about 360 to about 440 degrees centigrade, a Tetra Ethyl Ortho
.SiFicaté (TECS) flow rate of from about 2 to about 6 standard cubic
centineters per mnute (sccn), a background heliumflow rate of from about

600 to about 1000 standard cubic centineters per mnute, an oxygen
(oxidant) flow rate of from about 400 to about 800 standard cubic
centineters per mnute (sccm, and a reactor chanber pressure of from about

5 to about 10 torr. Preferably, the nitrogen plasma first plasma 28" is
provided at a nitrogen flow rate of from hbout 400 to about 600 standard

cubic centinmeters per mnute (sccm, a reactor chanber pressure of from
about 1 to about 2 torr, a sem conductor substrate tenperature of from

about 100 to about 200 degrees centigrade and
invention is a N- or P- silicon semiconductor substrate having a

(100) crystallographic orientation.

Methods by which isolation regions may be formed within
§nd upon semiconductor substrates are known in the art. Such
methods include but are not limited to methods whereby a portion of
a semiconduct&r exposed through an appropriate mask is oxidized to
form isolation regions within and upon the semiconductor substrate,
and methods whereby a separate insulating layer is fofmed upon a
semiconductor substrate surface and subsequently patterned to fofm

- isolation regions upon the semiconductor substrate. For the first
preferred embodiment of the method of the present invention, the
isolation regions 12a and 12b are preferably formed through a

thermal oxidation process whereby portions of the semiconductor

substrate 10 exposed through a suitable oxidation mask are consumed

to form within and upon the semiconductor substrate 10 isolation

regions 12a and 12b of silicon oxide.

Also illustrated within Fig. 3 is a gate oxide layer i4
upon which resides a gate electrode 16. Both the gate oxide layer
14 and the gate electrode 16 reside upon the active semiconductor
region of the semiconductor substrate 10. Both the gate oxide
layer 14 and the gate electrode 16 are components of a Metal Oxide

Semiconductor Field Effect Transistor (MOSFET).
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a mxed radi o frequency power having a first radio frequency power

REPLACEMENT SHEET - 34 - of fromabout 40 to-about 60 watts at a first
radio frequency of 13.56 MHz and a second radi o frequency power of from

about 420 to about 480 watts at a second radi o frequency of 350 kHz.
t he exposed portions of the bl anket conformal first Inter-Metal
Dielectric (IMD) layer 24' are treated with the nitrogen plasm first
pl asma 28" for a tinme period of fron1abo¥% 50

Preferably,

Methods and materials through which gate oxide layers and
gate electrodes may be formed upon active semiconductor regions of
semiconductor substrates are known in the art. Gate oxides may be
formed through methods including but not limited to methods whereby
the surface of the active semiconductor region of a semiconductor
substrate is oxidized to form a blanket gate oxide layer upon the
active semiconductor region, and methods whereby a blanket gate
oxide layer is independently deposited upon the surface of the
active semiconductor region. Excess portions of blanket gate oxide
layers formed upon active semiconductor regions may'be removed

through etching processes conventional to the art.

Gate electrodes are typically formed via patterning and
etching through methods as are conventional in the art of blanket
layeqsllof gate electrode materials which are formed upoh the
surfaéés of blanket gate oxide layers. Typically., blanket layers
of gaEé electrode materials are formed from highly conductive
materials such as metals, metal alloys, highly doped polysilicon

and polycides (polysilicon/metal silicide stacks).

For the first preferred embodiment of the method of the
present invention, the gate oxide layer 14 is preferably formed

through patterning of a blanket gate oxide layer formed through

. thermal oxidation of the active semiconductor region of

semiconductor substrate 10 at a temperature of about 800 to about
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to about 70 seconds. Analogously with the first preferred enbodi ment of the
. method 6f the present invention, other conbinations of blanket confornal
[first Inter-Metal Dielectric (IMD) layer 24' and first plasma 28 nmay be
!enployed in providing a blanket conformal first Inter-Metal Dielectric
"(IMD) layer 24' exhibiting an inhibited growth rate of an insulator |ayer
upon the bl anket conformal first Inter-Metal Dielectric (IMD) |ayer 24'.
The conbi nati ons may include, but are n9t1éi31ted to, the absence of the

bl anket conformal first Inter-Metal Dieleciric (IMD) | ayer 24" and the
direct treatnent of the patterned first conductor |ayer 22d with the first

pl asma 28'. A person skilled in the art may determ ne
1000 degrees centigrade to yield a typical blanket gate oxide layer
thickness of about 70 to about 120 angstroms. For the first
pPreferred embodiment of the method of the Eresent invention, the
gate electrode 16 is preferably formed by patterning and etching a
blanket layer of highly doped polysilicon formed upon the blanket
-gate oxide layer at a thickness of about 2500 to about 3000
angstroms through a Chemical Vapor. Deposition (CVD) process
- employing silane as the silicon source material along with suitable
dopant species. Once the blanket layer of highly doped polysilicon
has been patterned to vield. the gate electrode 16, the gate
electrode may be used as an etch mask to pattern the gate oxide

layer 14 from the blanket gate oxide layer.

Finally, there is shown in Fig. 3 source/drain electrodes
i8a aqdélab formed within the surface of the active semiconductor
region'df the semiconductor substrate 10 at areas not occupied by
the gate electrode 16, the gate oxide layer 14 and the isclation
regions 12a and 12b. Methods an@ materials through which
source/drain electrodes may be formed within semiconductor
sdbsﬁrates are known in the art. Such methods typically employ
dopant species which are ionized and implanted into a semiconductor
substrate at sufficient velocity and dose to form into . the
semiconductor substrate a region of conductivity sufficient for a
source/drain electrode. The polarity desired for the source/drain

electrode will dictate the polarity of the dopant species. Arsenic
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t he nost appropriate and wor kabl e conbi nati ons wi t hout undue
experimentation. Referring nowto Fig. 10 there is shown a schematic
cross-sectional diagramillustrating the results of further processing of
the integrated circuit whose structure is illustrated - 3 - 1inFig 9
In order to arrive at the integrated circuit whose structure is illustrated.
in Fig. 10, the patterned first masking |layer 26' is first renoved fromthe

integrated circuit whose cross- - 17 -

dopant species, boron dopant species and phosphorus dopant species
are common in the art. TFor the first preferred embodiment of the
method of the present invention, the source/drain electrodes 18a
and 18b are preferably formed through implanting a suitable dopant
spgcies into the active region of the semiconductor substrate 10 at
about 1E14 to about 1E16 ions per square centimeter dose and about

50 to about 150 keV ion implantation energy.

Having formed a Metal Oxide Semiconductor Field Effect
Transistor (MOSFET) comprising source/drain electrodes 18a and 18b
formed into the semiconductor substrate 10, and a gate electrode 16
upon a gate oxide layer 14 adjoining the source/drain electrodes,
the next series of process steps in forming the uniformly Chemical-
Mechanical Polish (CMP) planarized insulator layer through the
first areferred embodiment of the method of the present invention
may p;oéeed. The results of those process step are illustrated by

the integrated circuit whose schematic cross-sectional diagram is

shown in Fig. 4.

Shown in Fig. 4 is the presence of a blanket planarized
Pre~Metal Dielectric (PMD) layer 20 formed upon the integratéd
circuit whose structure is illustrated in Fig. 3. Methods and
materials through which blanket planarized Pre-Metal Dielectric
(PMD).léyers may be formed are known in the art of integrated

Circuit manufacture. Blanket planarized Pre-Metal Dielectric (PMD)
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sectionis illustrated in Fig. 9. There is then formed upon the integrated
circuit* a blanket first gap filling insulator |layer 30 and a bl anket first -
. conformal insulator |ayer 32 enpl oying methods, materials and thicknesses

i equivalent to the methods, materials and thicknesses enployed in formng

- the.equival ent blanket first gap filling insulator |ayer 30 and bl anket

- first conformal insulator layer 32 illustrated in Fig. 6. The integrated
circuit illustrated in Fig. 10 is otherw & -equivalent to the integrated
circuit illustrated in Fig. 6, with the exception of the differing nethods
and materials through which are fornmed the bl anket confornmal first
Inter-Metal Dielectric |ayer 24 and the bl anket conformal first Inter-Metal

-I] eléctrﬁ ¢ layfﬁyé%ﬁ ére-g}%iéggfa Eggégé %LLS&%& ﬁ?ggggizing through methods as
are conventional in the art of blanket conformal Pre-Metal
Dielectric (PMD} layers. Blanket conformal Pre-Metal Dielectric
(PMﬁ) layers may be formed of silicon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride
dielectric materials deposited upon semiconductor substrates
through methods including but not 1limited to Chemical Vapor
Deposition (CVD) methods, Plasma Enhanced Chemical Vapor Deposition
(PECVD) methods and Physical Vapor Deposition (PVD) sputtering
methods. For the first preferred embodiment of the m'ethod of the
present invention, the blanket planarized Pre-Metal Dielectric
(PMD) layer 20 is preferably formed through planarizing a conformal
Pre-Metal Dielectric (PMD) layer formed from a silicon oxide
dielectric material deposited upon the semiconductor substrate 10
throu‘gh a Plasma Enhanced Chemical Vapor Deposition (PECVD) method,
as J.s "common in the art. The blanket planarized Pre-Metal
Dielectric (PMD) layer 20 may be planarized through a Reactive Ion
Etch (RIE) etchback planarizing method or a Chemical Mechanical
Polish (cMP) planarizing method, as is common in the art.
Typically, although not exclusively, the blanket planarized Pre-
Metal Dielectric (PMD) layer 20 will not substantially benefit from
the uniform Chemical Mechanical Polish (CMP) planarizing method of
the present invention, since ‘the blanket planarized Pre-Metal
Dielectric (PMD) layer 20 will not tjrpically exhibit substantial

non-uniformity when planarized through a Chemical—Mechanicgl Polish |
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structure is illustrated in Fig. 10 may be uniformy Chem cal Mechani cal
.Polti sh {CWP) planarized to yield an integrated circuit anal ogous to the
yintegrated circuit whose structure is illustrated in Fig. 7. In addition to
‘the first preferred enbodi nent of the nethod of the present invention and
. the second preferred enbodi rent of the nmethod of the present invention,
there also exists a third preferred enbodi mnent of the nethod of the present
i nvention. The third preferred enbodinent1§f t he net hod of the present

i nvention

(CMP) method.

Also shown in Fig. 4 is the presence of patterned first
conductor layers 22a, 22b, 22c¢ and 224 formed upon the surface of
the blanket planarized Pre-Metal Dielectric (PMD) layer 20.
Methods and materials through which patterned conductor layers may
be formed within integrated circuits are known in the art.
Patterned conductor layers are typically formed through patterning
blanket conductor 1layers through photolithographic and etching
methods as are known in the art. The blanket conductor layers may
be formed from conductive materials including but not limited to
metals, metal alloys and doped polysilicon deposited upon a
semiconductor substrate through methods including but not limited
to thermally assisted evaporation methods, electron beam assisted
evapo;;tion methods, Chemical Vapor Deposition (CVD) methods and

Physitai Vapor Deposition (PVD) sputtering methods.

For the first preferred embodiment of the method of the
present iﬁvention, the patterned first conductor layers 22a, 22b,
22c and 22d are preferably formed through patterning of a blanket
conductor layer formed from a tri-layer stack. The tri-layer stack
preferably consists of: (i) 2 blanket lower barrier layer formed of
a titanium nitride at a thickness of about 800 to about 1200
angstroms, (2) a blanket middle conductor layer formed of an

aluminum containing:alloy at a thickness of about 5000 to about
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- 36 - enploys the integrated circuit structure of the second preferred

. enbodi mént of the present invention and includes the plasma treatnents of
.both the first preferred enbodi nent of the method of the present invention
‘and the second preferred enbodi rent of the nethod of the present invention.
Through the third preferred enbodi nent of the nethod of the present )
i nvention, there is forned a bl anket first conformal Inter-Metal Dielectric
(IMD) layer 24' exhibiting a retarded growh rate for a blanket first gap
filling insulator layer 30 upon a high &®al density region RL and an
enhanced growth rate for the blanket first gap filling insulator 30 |ayer
upon a |l ow areal density region R2. As is understood by a

6000 angstroms, and (3) a blanket upper barrier layef formed of a
titanium nitride at a thickness of about 1000 to about 1400
angstoms. As also shown in Fig. 4, ‘the patterned first conductor
layers 22a, 22b and 22c.residé in a high areal density region R1 of
the patterned first conductor layers 22a, 22b, 22c and 22d, while
the patterned first conductor layer '22d resides in a low areal
density region R2 of the patterned first conductor layers 22a, 22b,

22c and 224.

The method of the present invention provides wvalue in
forming uniformly Chemical-Mechanical Polish (CMP) planarized
insulator layers when the difference in the areal densities of the
patterned layers in the high areal density region RL and the low
areal density region R2 is at least about 10 percent. Typically,
the a;;al density of the patterned layers within the high areal
densitylfegion R1 will be greater-than about 50 percent and the
areal dehsity of the patterned layers within the low areal density

region R2'will be less than about 30 percent.

_ The method of the present invention also provides value
in forming a uniformly Chemical-Mechanical Polish (CMP) planarized
insulator layer when there exists a substantial volume density
difference between the insulator layer to be planarized and the
patterned layers upon which the insulator layer resides. In

practice the requisite volume density difference is obtained when
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person skilled in the art, the third preferred enbodi nent of the nethod of
‘the predent invention provides a blanket first gap filling insulator |ayer
"exhibiting a greater difference in height between the high areal density
region R1 and the | ow areal density regi on R2. EXAMPLES 1-6 Upon the
‘surfaces of three sem conductor substrates were forned bl anket silicon

oxi de insul ator coatings of thickness about 2000 angstrons through a Plasma
'Enhanced Chemi cal Vapor Deposition (PECVD) nethod enploying Tetra Ethyl
Otho Silicate (TECS) as a silicon sourLcgqmaterial. The bl anket silicon
oxi de insulator coatings were fornmed at a sem conductor substrate

t enper at ure of

the patterned layer is a patterned conductor layer. within an
integrated circuit and the insulator layer is a silicon oxide or a
silicon nitride insulator within the integrated circuit, although
other combinat;ons of insulator layers and patterned layers of high

volume density may also be employed.

Referring now to Fig. 5 there is.shown a schematic cross-
sectional diagram illustrating the results of further processing of
the integrated circuit whose structure is illustrated in Fig. 4.
Shown in Fig. 5 is the presence of a bla;_;ket conformal first Inter-
Metal Dielectric (IMD) layer 24 which is formed upon the surface of
the integrated circuit whose structure is illustrated in Fig. 4.
While there are several methods and materials through which blanket
conforqal Inter-Metal Dielectric (IMD) layers may be formed within
_.i,ptegi'a:;ed circuits, the blanket conformal first Inter-Metal
Dielectric (IMD) layer 24 within the first preferred embodiment of
the method of the present invention is chosen such that when
treated with a first plasma 28 the blanket conformal first Inter-
Métal Dielectric (IMD) layer '.24 will retard the growth of an
insulator layer which is formed upon the surface of the blanket
conformal first Inter-Metal Dielectric (IMD) layer 24. Thus,

-within the first preferred embodiment of the method of the present
invention, the choice of the method and material through which is
formed the blanket conformal first Inter-Metal Dielectric (IMD)

_ layer 24 is undertaken in conjunction with the choice of the first
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.- 37 - about 400 degrees centigrade, a Tetra Ethyl Otho Silicate (TEOS)
fl 6w rate of about 4 standard cubic centineters per nminute (sccnm), a -
"background heliumflow rate of about 800 standard cubic centineters per
m nute, an oxygen (oxidant) flow rate of about 600 standard cubic
.centineters per mnute (sccn) and a reactor chanber pressure of about 8
‘'torr. One of the three wafers then received nitrogen plasma treatnent for

60 seconds. The nitrogen plasna was pro_viﬁed_ at a

Plasma 28 and a gap filling insulator layer which is subsequently
formed upon the blanket conformal first Inter-Metal Dielectric

(IMD) layer 24.

Within the first preferred embodiment of the presént
invention, it. has been found experimentally that a blanket
conformal first Inter-Metal Dielectric (IMD) layer 24 formed of a
silicon oxide deposited through a Plasma Enhanced Chemical Vapor
Deposition {PECVD) method employing Tetra Ethyl Ortho Silicate
(TEOS) as a silicon source material will inhibit the growth of a
gap f£illing insulator layer formed upon the blanket conformal first
Inter-Metal Dielectric (IMD) laver 24 when the blanket conformal
first Inter-Metal Dielectric (IMD) layer is treated with an oxygen
plasma: It has also been found experimentally that the same
inhibif;ng effect is obtained when the blanket conformal first
Intef-Metal Dielectric (IMD) layer 24 is: (1) formed of a silicon
oxide deposited through a Plasma Enhanced Chemical Vapor Deposition
(PECVD) method employing silane as a silicon source material, and
(2) subsequently treated with a first plasma 28 consisting of a
nitrogen plasma or an oxygen plasma. It is thus ﬁny of the three
foregoing combinations of blanket conformal firstl Inter-Metal
Dielectric (IMD) layer 24 and first plasma 28 which provide the
preferred combinations of the first preferred embodiment of the

method of the present invention.
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nitrogen flow rate of about 500 standard cubic centinmeters per m nute
(sccm ® a reactor chanber pressure of about 1.5 torr, a sem conductor
substrate tenperature of about 150 degrees centigrade and a m xed radio
frequency power having a first radio frequency power of about 50 watts at a
- first radio frequency of 13.56 Mz and a second radi o frequency power of
i-about 450 watts at a second radio frequency of 350 kHz. A second of the
three wafers then received an oxygen plgs@% treatnment for 60 seconds. The

oxygen plasma was provided at an oxygen flow rate of about 500 standard
cubic centinmeters per mnute (sccm, a reactor chanber pressure of about
1.5 torr, a sem conductor substrate tenperature of about 150 degrees

centigrade

: Preferably, the blanket conformal first Inter-Metal
Dielectric (IMD) layer 24 is formed to a thickness of about 500 to
about 2000 angstroms at: (1) a semiconductor substrate temperature
of from about 380 to about 420 degrees centigrade; (2) a Tetra
Ethyl Ortho Silicate (TEOS) flow rate of from about 2 to about 6
standard cubic centimeters per minute (scem) (or a silane flow rate
of from about 80 to about 140 standard cubic centimeters per minute
(scem)); (3) a background helium flow rate (uéed only when
employing Te£ra Ethyl Ortho Silicate (TEOS)) of from about 600 to
about 1000 standard cubic centimeters per minute; (4i an oxygen
(oxidant) flow rate of from about 400 to about 800 standard cubic
centimeters per minute (sccm) when employing Tetra Ethyl Ortho.
Silicate (TEOS) (or a nitrous oxide (oxidant) flow rate of from
about 900 to about 1300 standard cubic centimeters per minute
(sccyi!when employing silane){ and (5) a reactor chamber pressure
of fraﬁ about S to about 10 torr when employing Tetra Ethyl Ortho

Silicate (TEOS), or a reactor chamber pressure of from about 1 to

about 5 torr when employing silane.

Also shown in Fig. 5 is the presence of a patterned first
mask layer 26 which masks the surface of the blanket conformal
first Inter-Metal bielectric (IMD) layer 24 residing in the low
areal density regioﬁ R2. Patterned mask iayersi and blanket mask
layers from which patterned mask iayers are formed, are known in

the art of integrated circuit manufacture. Such mask layers are
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and a m xed radi o frequency power having a first radio frequency power of
about 50 watts at a first radio frequency of 13.56 MHz and a second radio
frequency power of about 450 watts at a second radio - 38 - frequency
power of 350 kHz. The renaining wafer received no plasma treatnment. Upon
the surfaces of a second group of three sem conductor substrates
were formed bl anket silicon oxide insulator coatings of thickness about

2000 angstrons through a - 24 -

typically, although not exclusively, formed from photoresist
materials. For the first preferred embodiment of the method of the
present invention, the patterned first mask layer 26 is preferably
formed of a photoresist which is impervious to the first plasma 28
which is employed in treating portions of the blanket conformal
first Inter-Metal Dielectric (IMD) layer 24 not covered by the
patterned first mask layer 26. Preferably, the patterned first

mask layer 26 is from about 5000 to about 10000 angstroms thick.

Finally, there is shown in Fig. 5 the presence of the
first plasma 28, the composition of which is chosen such that
treatment of exposed portions of the blanket conformal first Inter-
Metal Dielectric (IMD) 1layer 24 with the first plasma 28 will

retard growth of a first gap filling insulator layer formed upon

those " portions of the blanket conformal first Inter-Metal
Dielécﬁric (IMD) layer 24. As discussed above, it has been found
experiﬁentally for the first preferred embodiment of the method of
the present invention that the first plasﬁa 28 is preferably: (1)
an oxygen plasma when the blanket conformal first Inter-Metal
Dieiectric (IMD) 1layer 24 is formed of a silicon oxide formed
through a Plasma Enhénced Chemical Vapor Deposition (PECVD) method
employing Tetra Ethyl Ortho Silicate (TEOS) as the silicon source
material, and (2) either an oxygen plasma or a nitrogen plasma when

the blanket conformal first Inter-Metal Dielectric (IMD) layer 24

is formed of a silicon oxide formed through a Plasma Enhanced
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Pl asma Enhanced Chem cal Vapor Deposition (PECVD) nethod enpl oying sil ane
as a stlicon source material. The blanket silicon oxide insulator coatings
were formed at a sem conductor substrate tenperature of about 400 degrees
centigrade, a silane flow rate of about 120 standard cubic centineters per
m nute (sccm, a nitrous oxide (oxidant) flow rate of about 1100 standard
cubic centineters per nmnute (sccm and a reactor chanber pressure of about
2 torr. Analogously with the first group of three sem conductor substrates,
one seni conduct or substrate within the~s@€omd group received an oxygen

pl asma treatnment, a second sem conductor substrate received a nitrogen

pl asma treatnent and the third sem conductor substrate received no

- plasma treatnent. The

Chemical Vapor Deposition (PECVD) method employing silane as the

silicon source material.

Preferably the oxygen or nitrdgen first plasma 28 is .
formed at: (1) an oxygen or nitrogen flow rate of from about 400 to
about 600 standard cubic centimeters per minute (sccm); (2) a
reactor chamber pfessure of from about 1 to about 2 torr; (3) a
semiconductor substrate temperature of from about 100 to about 200
degrees centigrade; and (4) a mixed radio frequency power having a
first radio frequency power of from about 40 to about 60 watts at
a first radio frequency of 13.56 MHz and a second radio frequency
powver of from about 420 to about 480 watts at a second radio
frequency of 350 kHz. ©Preferably, the exposed portions of the
blanke; conformal first Inter-Metal Dielectric (IMD) layer 24 are
treatg&-with the oxygen or nitrogen first plasma 28 for a time

perioa”of from about 50 to about 70 seconds.

As is understood by a person skilled in the art, other
combinations.of the blanket conformal first Inter-Metal Dielectric-
(IMD) 1layer 24 and the first plasma 28 may be employed to
effectuate the desired growth rate inhibiting effect when forming
an insulator layer upon the blanket conformal first Inter-Metal
Dielectric (IMD) layer 24. Such combinations may include the
absence of the blanket conformal first Inter-Metal Dielectric (IMD)

layer 24 and the direct treatment of patterned layers such as
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~conditions under which were provided the nitrogen plasma and the oxygen

pl &sma treatnents were equival ent to the conditions enployed for the first
group of three sem conductor substrates. Each of the six sem conductor
substrates then had forned - 39 - upon its surface an ozone assi sted
Chem cal Vapor Deposited (CVD) silicon oxide insulator |ayer, under
equi val ent conditions. The paraneters under which were forned the ozone

éassisted Chemi cal Vapor Deposited (CVD) silicon oxide insulator |ayers were
~an - 26 -

patterned first conductor layers 22a, 22b and 22¢ with an
appropriate first plasma 28. Without undue experimentation, a
person skilled in the art should be able to determine the most

appropriate and workable combinations.

Referring now.to Fig. 6, there is shown a schématic
cross-sectional diagram illustrating the results of further
processing of the inteérated circuit whose structure is illustrated
in Fig. 5. 1In order to arrive at the integrated circuit whose
structure is illustrated in Fig. 6, the patterned first mask layer
26 is first removed from the integrated circuit whose structure is
illustrated in Fig. 5. The patterned first mask layer 26 may be
removed through methods as are conventional in the art, including

but not limited to solvent stripping methods and Reactive Ion Etch

(RIE) eétch methods.

Subsequent to removing the patterned first mask layer 26,
there is .then formed upon the surface of the blanket conformal
first Inter-Metal Dielectric (IMD) layer 24 a blanket first gap
£illing insulator layer 30. The blanket first gap £filling
insulator layer 30 exhibits a diminished growth rate upon portions
of the blanket conformal first Inter-Metal Dielectric (IMD) layer
24 which have been treated with the first plasma 28. For the first
preferred embodiment of the method of the present invention, the

blanket first gap filling insulator layer 30 is preferably'formed
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ozone: TECS nol ar rati o of about 14, a reactor pressure of about 450 torr, a
Tetra Ethyl Ortho Silicate (TECS) flow rate of about 35 standard cubic
centineters per mnute, a background heliumflow of about 2300 standard
cubic centinmeters per mnute, a deposition tenperature of about 400 degrees
centigrade and an oxygen (ozone carrier gas) flow rate of about 5000
standard cubic centineters per mnute (sccm. The ozone assisted Chem cal
~Vapor Deposited (CVD) silicon oxide insul r layers were deposited for a
ltime sufficient to formupon the surfaces “df The two wafers which received
no plasma treatnent an ozone assisted Chem cal Vapor Deposited silicon

oxi de insulator |ayer of about 5000 angstons. The resulting thicknesses

from an ozone assisted Chemical Vapor Deposited (CVD) silicon oxide
insulator layer employing Tetra Ethyl Ortho Silicate (TEOS) as a

silicon source material.

The preferred process parameters under which is formed
the. blanket first gap filling insulator layer 30 include an
ozone:TEOS molar ratio of from about 12:1 to about 16:1, a reactor
pressure of from about 450 to about 600 torr, a Tetra Ethyl Ortho
Silicate (TEOS) flow rate of from about 27 to about 42 standard
cubic centimeters per minute (sccm), a background helium flow of
from about 1700 to about 2300 standard cubic centimeters per minute
(sccm), a deposition temperature of from about 360 to about 446
degrees centigrade and an oxygen (ozone carrier gas) flow rate of
from about 4000 to about 6000 standard cubic centimeters per minute
(sccm}. Given a typical depositicn time of from about 100 to about
2490 .géconds, the thickness of the bléhket first gap £filling
insulator layer 30 above the patterned first conductor layers 22a,
22b and 22c in the high areal dehsity region Rl will be from about
3000 to about 5000 angstroms, while the thickness of the blanket
first gap filling insulator layer 30 above the patterned first
conductor layer 224 in the low areal density region R2 will be from

about 4000 to about 6000 angstroms.

Finally, there is shown in Fig. 6 the presence of the

blanket firs%t conformal Inter-Conductor Dielectric (ICD) laver 32
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of the ozone assisted Chemi cal Vapor Deposited (CVD) silicon oxide

i nsul ator layers on the renmmining four wafers were then measured. The

val ues for the thicknesses of the six ozone assisted Chem cal Vapor
Deposited (CVD) silicon oxide insulator |ayers are reported in TABLE I.

- 40 - TABLE | Substrate Layer Pl asma 03- TECS Thi ckness
- PECVD- TEGCS none 5000 angstrons

=~ 28 -

formed upon the surface of the blanket first gap filling insulator
layer 30. It is the blanket first conformal Inter-Conductor
Dielectric (ICD) 1layer 32 which is desired to be uniformly
Chemical-Mechanical Polish (CMP) planérized through the method of
the present invention. Although blanket conformal Inter-Conductor
Dielectric (ICD) layers may in general be formed through several
methods and materials, includiqg but not limited to silicon oxide
dielectric materials, silicon nitride dielectric méterials and
silicon oxynitride materials formed through methods including but
not limitéd to Chemical Vapor Deposition (CVD) methods, Plasma
Enhanced Chemical Vapor Deposition (PECVD) methods and Physical
Vapor Deposition (PVD) 'sputtering methods, the blanket first
conformal Inter-Conductor Dielectric (ICD) layer 32 is preferably
formed of a silicon oxide dielectric material formed through a
Plasmé:Enhanced Chemical Vapor Deposition (PECVD) method. The
blanket first conformal Inter-Conductor Dielectric (ICD) layer 32

is preferably from about 13000 to about 17000 angstroms thick.

. Referring now to Fig. 7 there is shown a schematic cross-
section diagram illustrating the results of further prbcessing of
the integrated circuit whose structure is illustrated in Fig. 6.
Shown in Fig. 7 is a blanket first planarized Inter-éonductor
Dielectric (ICD) layer 32' which is formed through Chemical-
Mechanical Polish (CMP) planarizing of the blanket first conformal

Inter~Conductor Dielectric (ICD) layer 32. For the first preferred
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PECVD- TECS oxygen 3780 PECVD- TEOS

nitrogen 5500 PECVD-si | ane none
5000 PECVD- si | ane oxygen 3540 PECVD- si | ane
ni trogen 4550 As is seen fromreview of the data in TABLE I,

the rate of formation of ozone assisted Chem cal Vapor Deposited silicon
oxi de insulator layers upon silicon oxide insulator |ayers forned through a

Pl asma Enhanced Chemi cal Vapor Deposition (PECVD) nethod enpl oyi-ng sil ane
as a silicon source material are retarde2b when the Pl asma Enhanced Chemi cal

Vapor Deposited (PECVD) silicon oxide insulator layer is treated with
either a nitrogen or an oxygen

embodiment of the method of the present invention, the Chemical-
Mechanical Polish (CMP) planarizing is preferably accomplished with
a silica slurry through Chemical-Mechanical Polish (CMP) methods as
are conventional in the art. The Chemical Mechanical Polish (CMP)
Planarizing is preferably undertaken at a Chemical Mechanical
Polish (CMP) planarizing pressure of from about 7 to about 10
pounds per square inch (psi), a wafer rotation speed of from about
30 to about 50 revolutions per minute (rpm) and a platen (pad)

rotation speed of from about 30 to about 50 revolutions per minute

(rpm).

As shown in Fig. 7, 'the blanket first planarized Inter-
Conductor Dielectric (ICD) layer 32' is substantially uniform over
the high areal density region Rl and the low areal density region
R2 off}he patterned first conductor layers 22a, 22b, 22c¢c and 22d.
The uniformity results from the more rapid Chemical-Mechanical
Polish'(CMP) planarizing of the thickness of the blanket first
confo:mal.Inter-Conducior Dielectric (ICD) layer 32 which resides
over the éhicker portion of the blanket first gap filling insulator
layer 30 in the low areal density region Ri. Typically, the
‘blanket first planarized Inter~Conductor Dielectric (ICD) layer 32°'
is from about 3000 to about 5000 angstroms thick upon completion of

the Chemical Mechanical Polish (CMP) planarizing.

As 1is understood by a person skilled in the art,
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plasma. In contrast, the rate of formation of an ozone assisted Chem cal
Vapor Beposited (CVD) silicon oxide insulator |ayer upon a Plasma Enhanced
Chem cal Vapor Deposited (PECVD) silicon oxide insulator enploying Tetra
Ethyl -Otho Silicate (TEGS) as a silicon source material is enhanced when
t he Pl asma Enhanced Chem cal Vapor Deposited (PECVD) silicon oxide

I nsulator layer is treated with a - 41 - nitrogen plasma and retarded

when the Pl asma Enhanced Cheni cal
- 30 -

additional patterned conductor layers, additional blanket conformal
Inter~Metal Dielectric (IMD) layers, additional blanket gap filling
insulator layers and additional Chemical-Mechanical Polish (CMP)
planarized Inter-Conductor Dielectric (ICD) layers may be formed
upon the inte'grated circuit whose structure is illustrated in Fig.
7 to form additional interconnecting layers of the integrated
circuit. shown in Fig. 8 is a schematic cross-sectional diagram

which results from such additional layers.

Shown in Fig. 8 is the presence of a set of patterned
second conductor layérs 34a, 34b, 34c and 344, a blanket second
‘conformal Inter-Metal Dielectric (IMD) layer 36, a blanket second
gap filling insulator layer 38 and a blanket second Chemical-
Mechanical Polish (CMP) planarized Inter-Conductor Dielectric (ICD)
layer'_'_':io‘ Each of the preceding layers is preferably formed
throu‘g'h" methods, materials and dimensions equivalent to the
methodé, materials and dimensions through which are formed the
corresponding patterned first conductor layers 22a, 22b, 22c and
22d, the b.lanket conformal first Inter-Metal Dielectric (IMD) layer
24, the blanket fi.rst gap filling insulator layer 30 and the

blanket first planarized Inter-Conductor Dielectric (ICD) layer 32'

as illustrated in Fig. 7.

Upon forming the integrated circuit structure illustrated

in Fig. 8, there is formed an integrated circuit through the first
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Vapor Deposited (PECVD) silicon oxide insulator layer is treated with an
oxygen*pl asma. EXAMPLE 7 A series of four sem conductor substrates was
prepared in accord with the first preferred enbodi nent of the nethod of the
present invention, as illustrated by the schematic cross-sectional diagram
shown in Fig. 6. Formed upon the sem conductor substrate was a high area
density region Rl having about 50 percent coverage of the sem conductor
substrate surface by a patterned firsg conductor |ayer, and a | ow areal
density regi on R2 having about 30 perceént coverage of the seni conductor
substrate by the patterned first conductor |ayer. Upon each of the four
sem.conduct or

preferred embodiment of the method of the present invention. The
integrated circuit so formed has formed therein multiple uniformly
Chemical-Mechanical Polish (CMP) planarized blanket Inter-Conductor
Dielectric (ICD) layers independent of the areal density of high
volume density patterned conductor layers which reside beneath the
uniformly Chemical-Mechanical Polish (CMP) planarized blanket

Inter-Conductor Dielectric (ICD) layers.

In addition to the first preferred embodiment of the
method of the present invention, there also exists a second
preferred embodiment of the method of the present invention. The
key features of the second preferred embodiment of the method of
the present invention, in comparison with the first preferred
embodiment of the method of the present invention, are illustrated

by réf_é‘rence to Fig. 9 and Fig. 10,

Shown in Fig. 9 is a schematic cross-sectional diagram of
an integrated circuit similar to the schematic cross-sectional
diagram of the integrated circuit illustrated in.Fig. 5, with
several exceptions. In comparison with the schematic cross-
sectional diagram :LlJ_.ustr-ated in Fig. 5, the schematic cross-
sectional diagram illustrated in Fig. 9 has a patterned first mask
layer 26' which covers a portion of a blanket conformal first
Inter-Metal Dielectric (IMD) layer 24' which resides upon the

patterned first conductor layers 22a, 22b and 22c within the high
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substrates was then forned an insulator layer. The four insulator |ayer

t hi cknésses spanned the range of about 2.1 mcrons to about 2.9 mcrons.
Each of the four insulator |ayers was then Chenical Mechanical Polish
(CwP) planarized wth equivalent Chem cal Mechanical Polish (CW)

pl anari zi ng processes enploying a silica polishing slurry at a Chem cal
Mechani cal Polish (CMP) planarizing pressure of about 8 pounds per square
inch (psi), a wafer rotation speed of aBout 40 revolutions per mnute (rpm
and a platen (pad) rotation speed of about 40 revolutions per mnute (rpn.
- After the Chem cal Mechanical Polish (CMP) planarizing processing, the

areal density region Ri. Within Fig. 9, the exposed portion of the
blanket conformal first Inter-Metal Dielectric (IMD) layer 24' is

treated with a first plasma 28°'.

Analogously with the first preferred embodiment of the
method of the present invention, the second preferred embodiment of
the method of the present invention also requires a specific
selection of the method and materials through which are formed the
blanket conformal first Inter-Metal Dielectric (IMD) layer 24' and
the first plasma 28' such that the growth characteristics of a
blanket first gap £illing insulator layer upon the blanket
conformal £first Inter-Metal Dielectric (IMD) layer 24' are
modified. However, within the second preferred embodiﬁent of the
gethod of the present invention, the methods and materials through
which are formed the blanket conformal first Inter-Metal Dielectric
(IMD)'iéyer 24' and the first plasma 28; are chosen such that a
blankét gap filling insulator layer, when formed upon the blanket
conformal first Inter-Metal Dielectric (IMD) layer 24', will have

an enhanced growth rate rather than a retarded growth rate.

It has been found experimentally that the desired growth
rate conditions will be fulfilled when: (1) the blanket conformal
first Inter-Metal Dielectric (IMD) layer 24' is formed from a
silicon oxide dielectric material deposited upon the semiconductor

substrate through a Plasma Enhanced Chemical Vapor Deposition
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- 42 - thicknesses of the four insulator |ayers were renmeasured over the
hikgh areal density region RL and the |low areal density region R2. A plot of
| nsul at or Layer Thi ckness Renmi ning versus Initial |Insulator Layer

Thi ckness is showin Fig. 10. Wthin Fig. 10, reference nuneral 50
corresponds to the data points obtained from neasurenents of the insul ator
| ayers residing upon the high areal density region RIl. Anal ogously,

ref erence nuneral 52 corresponds to thg‘ﬂﬁpg poi nts obtained from
measurenents of the insulator |ayers residing upon the |ow areal density
regi on R2.

(PECVD) method employing Tetra Ethyl Ortho Silicate (TEOS) as the
silicon source material, (2) the first plasma is a nitrogen plasma,
and (3) the gap filling insulator layer is formed from an ozone
assisted Chemical  Vapor Deposited (CVD) silicon oxide insulator
layer formed under conditions equivalent to the conditions employed
in forming the blanket first gap filling insulator 1layer 30

illustrated in Fig. 6.

Preferably, the blanket conformal first Inter-Metal
Dielectric (IMD) layer 24' is formed to a thickness of about 500 to
about 2000 angstroms, at a semiconductor substrate temperature of
from about 360 to abodut 440 degrees centigrade, a Tetra Ethyl Ortho
Silicate (TEOS) flow rate of from about 2 to about 6 standard cubic
centimeters per minute (sccm), a background helium flow rate of
from agaut 600 to about 1000 standard cubic centimeters per minute,
an ox&gen (oxidant) flow rate of from about 400 to about 800
standard cubic centimeters per minute (sccm), and a reactor chamber

pressure of from about 5 to about 10 torr.

Preferably, the nitrogen plasma £first plasma 28' is
provided at a nitrogen flow rate of from about 400 to about 600
standard cubic centimeters per minute (sccm), a reactor chamber
pressure of from about 1 to about 2 torr, a semiconductor substrate
temperature of from about 100 to about 200 degrees centigrade and

a mixed radio frequency power having a first radio frequency power
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Fromreview of the data plotted within Fig. 10 it is concl uded t hat

por §i ons®of the insulator |ayers which were fornmed upon the |ow areal
density region R2, v, nore rapidly in a Chem cal - Mechani cal Polish (CWP)

pl anari zing process than do otherw se equival ent portions of the insulator

| ayers which reside upon the, high areal density region Rl of the sanme

sem conduct or substrate. In conjunction with the data reported for EXAMPLES
1-6 within TABLE I, the data illustrated for EXAMPLE 7 within Fig. 10
support the viability of the preferred enbodfnBnts of the nmethod of the
present invention in formng uniformy Chem cal - Mechani cal Polish (CWP)

pl anari zed insulator layers within integrated

of from about 40 to about 60 watts at a first radio frequency of
13.56 MHz and a second radio frequency power of from about 420 to
about 480 watts at a second radio frequency of 350 kHz.

Preferably, the exposed portibns of the blanket conformal first
Inter-Metal Dielectric (IMD) layer 24' are treated with the
nitrogen plasma first plasma 28’ for a time period of from about 50

to about 70 seconds.

Analogously with the first preferred embodiment of the
method of the present invention, other combinations of blanket
conformal first Inter-Metal Dielectric (IMD) layer 24' and first
plasma 28' may be employed in providing a blanke't conformal first |
Inter-Metal Dielectric (IMD) layer 24' exhibiting an inhibited

growth rate of an insulator layer upon the blanket conformal first
I Inte|r'1—..Metal Dielectric (IMD) layer 24°'. The combinations may
include, but are not limited to, the absence of the blanket
confo}.;mal first Inter-Metal Dielectric (IMD) layer 24' and the
direct treatment of the patterned first conductor layer 22d with
the first plasma 28'. A person skilled in the art may determine

the most appropriate and workable combinations without undue

experimentation.

Referring now to Fig. 10 there is shown a schematic
cross-sectional diagram illustrating the results of further

processing of the integrated circuit whose structure is illustrated
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circuitss- What is clained is: REPLACEMENT SHEET 12 DEC 1996 - - 44 - 1.
A nethod for form ng an insulator |layer with enhanced

- 35 —

in.Fig. 9. In order to arrive at the integrated circuit whose
-structure is illustratéd in Fig. 10, the patterned first masking
layer 26' is first removed f;om the integrated circuit whose.cross-
section is illustrated in Fig. 9. There is then formed upon the
integrated circuit a blanket first gap filling insulator layer 10
and a blanket first conformal insulator layer 32 employing methods,
materials and thicknesses equivalent to the methods, materials and
thicknesses employed in forming the equivalent blanket first gap
filling insulator layer 30 and blanket first conformal insulator
layer 32 illustrated in Fig. 6. The integrated circuit illustrated
in Fig. 10 is otherwise equivalent to the integrated circuit
illustrated in Fig. 6, with the exception of the differing methods
and materials through which are formed the blanket conformal firs:
Inter-Metal Dielectric layer 24 and the blanket conformal first
Inter}-_-.'.Metal Dielectric layer 24'. The integrated circuit whose
-struét;zre_ is illustrated in Fig. 10 may be uniformly Chemical
Mechanical Polish (CMP) planarized to yield an integrated circuit
analogous to the integra#ed‘circuit whose structure is illustrated

in Fig. 7.

In addition to the first preferr-ed embodiment of the
method of the present invention and the second preferred embodiment
of the méthod of the present invention; tht_are also exists a third
|' ~ preferred embodiment of the method of the present invention. The

third preferred embodiment of the method of the present invention
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uniformi ty when planarized through a Chenical - Mechani cal Polish (CWVP)
plkanar zi ng process conprising: providing a sem.conductor substrate;

form ng upon the sem conductor substrate a patterned |ayer,

t he patterned

| ayer "having a vol ume density greater than the volunme density of an

i nsul at or

| ayer to be formed upon the patterned | ayer,

al so having a first region having a high areal density of the patterned
| ayer and a second region having a | ow argal _density of the patterned

| ayer; masking the second region of the patterned | ayer;

first region of the patterned | ayer to

employs the integrated circuit structure of thé second preferred
embodiment of the present invention and includes the plasma
treatments of both the first preferred embodiment of the method of
the present invention-and the second preferred embodiment of the
method of the present invention. Through the third preferred
embodiment of the method of the present invention, there is formed
a blanket first conformal Inter-Metal Dielectric (IMD) layer 24°
exhibiting a retarded growth rate for a blanket first gap filling
insulator layer 30 upon a high areal density region R1 and an
enhanced growth rate for the blanket first gap filling insulator 30
layer upon a low areal density region R2. As is understood by a
person skilled in the art, the third preferred embodiment of the
method of the present invgntion provides a blanket first gap
filling insulator layer exhiﬁiting a greater difference in height

between the high areal density region Rl and the low areal density

L

region R2.
EXAMPLES 1-6

Upon the surfaces of three semiconductor substrates were
formed blanket silicon oxide insulator coatings of thickness about
2000 angstroms through a Plasma Enhanced Chemical Vapor Deposition
(PECVD) method employing Tetra Ethyl Ortho Silicate (TEOS) as a
silicon source material. The blanket silicon oxide insulator

coatings were formed at a semiconductor substrate temperature of

the patterned | ayer

exposi ng then the
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~a first.plasma, the first plasma being capable of nodifying the first
refi on 0f the patterned | ayer such that the insulator layer will formless
rapidly upon the first region of the patterned |ayer than upon the second
region of the patterned | ayer; unmasking the second region of the patterned
| ayer; and, form ng upon the patterned |ayer the insulator .l ayer, the
I nsul ator | ayer being thicker over the second region than over the first
region. 2. The nethod of Claim 1 whereijsthe patterned |ayer is a
patterned conductor | ayer.

about 400 degrees centigrade, a Tetra Ethyl Ortho Silicate (TEOS)
flow rate of about 4 standard cubic centimeters per minute (sccm),
a background helium flow rate of about 800 standard cubic
centimeters per minute, an oxygen (oxidant) flow rate of about 600
standard cubic centimeters per minute (sccm) and a reactor chamber

pressure of about 8 torr.

One of the three wafers then received nitrogen plasma
treatment for 60 seconds. The nitrogen plasma was provided at a
nitrogen flow rate of about 500 standard cubic centimeters per
minute (sccm), a reactor chamber pressure of about 1.5 torr, a
semiconductor substrate temperature of about 150 degrees centigrade
and a mixed radio frequency power having a first radio frequency
power of about 50 watts at a first radio frequency of 13.56 MHz and

a second radio frequency power of about 450 watts at a second radio

Y

frequency of 350 kHz.

‘A second of the three wafers then received an oxygen
plasma treatment for 60 seconds. The oxygen plasma was provided at
an oxygen flow rate of about 500 standard cubic centimeters per
minute (scem), a reactor chamber pressure of about 1.5 torr, a
semiconductor substrate temperature of about 150 degrees centigrade
and a mixed radio frequency power having a first radio frequency
‘power of about 50 watts at a first radio frequency of 13.56 MHz and

a second radio frequency power of about 450 watts at a second radio
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45 3. SThe nmethod of Claim2 wherein the difference in areal density of
the patterned conductor layer within the first region and within the second
region is at |east about 10 percent. 4. The nethod of Claim1 further
conprising formng a second insulator |ayer conformally directly upon the
patterned | ayer prior to exposing the patterned |layer to the first plasnma,
the second insulator |ayer being formed froma silicon oxide deposited

t hrough a Pl asma Enhanced Chemi cal Vapor_E§Qo§ition

frequency power of 350 kHz.
The remaining wafer received no plasma treatment.

Upon the surfaces of a second group of three
semiconductor substrates were formed blanket silicon oxide
insulator coatings of thickness about 2000 angstroms through a
Plasma Enhanced Chemical Vapor Deposition (PECVD) method employing
silane as a silicon source material. The blanket silicon oxide
insulator coatings were formed at a semiconductor substrate
temperature of about 400 degrees centigrade, a silane flow rate of
about 120 standard cubic centimeters per minute (sccem), a nitrous
oxide (oxidant) flow rate of about 1100 standard cubic centimeters

per minute (sccm) and & reactor chamber pressure of about 2 torr.

Analogously with the first group of three semiconductor
substfates, one semiconductor Substrate within the second group
received - an oxygen plasma treatment, a second semiconductor
substrat; received a nitrogen plasma treatment and the third
semiconductor substrate received no plasma treatment. The
conditions under which were provided the nitrogen plasma and the
oxygen plasma treatments were equivalent to the conditions employed

for the first group of three semiconductor substrates.

Each of the six semiconductor substrates then had formed

REPLACEMENT SHEET |

12 DEC 1994




(PECVD). net hod enpl oying Tetra Ethyl Otho Silicate (TEOCS) as a silicon
source”material. 5.. The method of Claim4 wherein the first plasma is an
oxygen pl asma. 6. The nethod of Claim1 further conprising formng a
second insulator layer conformally directly upon the patterned | ayer prior
to exposing the patterned |layer to the first plasma, the second insul ator

| ayer being forned froma silicon oxide deposited through a Plasma Enhanced

Chem cal Vapor Deposition (PECVD) nethod ggplLoying silane as a silicon
source material. 7. The method of Claim®6 wherein the first plasma is

selected fromthe group of plasmas consisting of oxygen
upon its surface an ozone assisted Chemical Vapor Deposited (CVD)
silicon oxide insulator layer, under equivalent conditions. The
parameters under which were formed the ozone assisted Chemical
Vapor Deposited (CVD) silicon oxide insulator layers were an
ozone:TEOS molar ratio of about 14, a reactor pressure of about 450
torr, a Tetra Ethyl Ortho Silicate (TEOS) flow rate of about 35
standard cubic centimeters per minute, a background helium flow of
about 2300 standard cubic centimeters per minute, a deposition
temperature of about 400 degrees centigrade_and an oxvgen (ozone

carrier gas) flow rate of about 5000 standard cubic centimeters per

minute {sccm).

The ozone assisted Chemical Vapor Deposited (CVD) silicon
oxide insulator layers were deposited for a time sufficient to form
upon the surfaces of the two wafers which received no plasma
treaém;nt an ozone assisted Chemical Vapor Deposited.silicon oxide
insulétor.layer of about 5000 angstoms. The resulting thicknesses
of the ozone assisted Chemical Vapor Deposited (CVD) silicon oxide
insulator_layers on the remaiping ﬁour wafers were then measured.
The values for the thicknesses of the six ozone assisted Chemical

Vapor Deposited (CVD) silicon oxide insulator layers are reported

in TABLE I.
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- 46 -_plasmas and nitrogen plasnmas. 8. The nethod of O aim1 wherein:
the fitst plasma is provided at a m xed radi o frequency power having a
first radio frequency power of from about 40 to about 60 watts at a first
radi o frequency of 13.56 MHz and a second radi o frequency power of from
about 420 to about 480 watts at a second radi o frequency of 350 kHz; and
the first plasma is provided for a tinme period of from

- 40 -~
TABLE I
Substrate Layer Plasma Q03-TEOS Thickness

PECVD-TEOS none 5000 angstroms
PECVD-~TEOS oxygen 3780
PECVD-~TEOS nitrogen : 5500
PECVD-silane none 5000
PECVD-silane oxygen 3540
PECVD-silane nitrogen 4550

As is seen from review of the data in TABLE I, the rate
of formation of ozone assisted Chemical Vapor Deposited silicon
oxide insulator layers upon silicon oxide insulator layers formed
through a Plasma Enhanced Chemical Vapor Deposition (PECVD) method
employing silane as a silicon source material are retarded when the
Plas@a#Enhanced Chemical Vapor Deposited (PECVD) silicon oxide
insulator layer is treated with either a nitrogen or an oxygen

plasma.

In cohtrast, the rate of formation of an ozone assisted
Chemical Vapor Deposited (CVD) silicon oxide insulator layer upon
a Plasma Enhanced Chemical Vapor Deposited (PECVD) silicon oxide
insulator employing Tetra Ethyl Ortho Silicate (TEOS) as a silicon
source material is enhanced when the Plasma Enhanced Chemical Vapor

Deposited {PECVD) silicon oxide insulator layer is treatgd with a
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about 50 to about 70 seconds. 9. The method of Claim1 wherein the

i.nsul ator layer is an ozone assisted Chem cal Vapor Deposited (CVD) silicon
oxi de insulator layer. 10. The method of Caim9 wherein the ozone assisted
Chem cal Vapor Deposited (CVD) silicon oxide insulator |ayer enpleys Tetta
Ethyl Ortho Silicate (TEOCS) as a silicon source nmaterial at an ozone: TEGCS
nolar ratio of fromabout 12:1 to about 16:1. 11. A nethod for form ng an

i nsul ator layer with enhanced uniformty-wdén-pl anari zed t hrough a

Chemi cal - Mechani cal Polish (CWP) planarizing process conprising: providing

a sem conduct or substrate;
nitrogen plasma and retarded when the Plasma Enhanced Chemical

Vapor Deposited (PECVD) silicon oxide insulator "layer is treated

with an oxygen plasma.
EXAMPLE 7

A series of four semiconductor substrates was prepared in
accord with the first preferred embodiment of the method of the
present invention, as illustrated by the schematic cross-sectional
diagram shown in Fig. 6. Formed upon the semiconductor substrate
was a high areal density region RL having about 50 percent coverage
of the semiconductor substrate surface by a patterned first
conductor laver, and 2 low areal density region R2 having about 30
percent coverage of the semiconductor substrate by ‘the patterned
firs} conductor layer. Upon each of the four semiconductor
suQStrates was then formed an insulator layer. The four insulator
layéf thicknesses spanned the range of about 2.1 microns to about
2.9 microns. Each of the four insulator layers was then Chemical
Mechanical Polish (CMP) planarized with equivalent Chemical
Mechanical Polish (CMP) planarizing processes employing a silica
polishing slurry at a‘Chemical Mechanical Polish (CMP) planarizing
pressure of about 8 pounds per sqﬁare inch (psi), a wafer rotation
speed of about 40 ;evolutions per minute (rpm) and a platen (pad)
rotation speed of about 40 revolutions per minute (fpm). After the

Chemical Mechanical Polish (CMP) planarizing processing, the
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form ng upon the sem conductor substrate a patterned - 47 - layer, the
patterned | ayer having a volune density greater than the volunme density of
an insulator layer to be formed-upon the patterned | ayer, the patterned

| ayer -al so having a first region having a high areal density of the
patterned | ayer and a second region having a | ow areal density of the
patterned | ayer; masking the first region of the patterned |ayer;

- 42 -

thicknesses of the four insulator layers were remeasured over the
high areal density region Rl and the low areal density region R2.
A plot of Insulator Layer Thickness Remaining versus Initial

Insulator Layer Thickness is show in Fig. 10.

Within Fig. 10, reference numeral 50 corresponds to the
data points obtained from measurements of the insulator layers
residing upon the high areal density region R1. Analogously,
reference numeral 52 corresponds to the data points obtained from
measurements of the insulator layers residing upon the low areal

density region R2.

From review of the data plotted within Fig. 10 it is
concluded that portions of the insulator layers which were formed
upon the 1low areal density region R2, v, ﬁore ggpidly in a
Chemié?l-Mechanical Polish (CMP) planarizing process than do
othefwise equivalent portions of the insulator layers which reside
upon the, high areal density region R1 of the same semiconductor

substraté.

In conjunction with the data reported for EXAMPLES 1-6
within TABLE I, the data illustrated for EXAMPLE 7 within Fig. 10
support the viability of the preferred embodiments of the method of
the present invention in forming uniformly Chemical-Mechanical

Polish (CMP) planarized insulator layers within integrated
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exposing then the second region of the patterned layer to a second pl asma,

. tHe second pl asma bei ng capabl e of nodifying the sec ion of the

 patterned | ayer such that the insulator |ayer wll fgfﬁrﬁggg‘?aﬁTar*‘upoﬂ
t he second region of the patterned |ayer than upon thej Iw"mm Mt he

patterned | ayer; unmasking the first region of the pat

form ng upon the patterned | ayer the insulator |ayer, t he ﬁn§ulat05 Iayer

- being thicker over the second region than é¥ef the first region. 12. The

met hod of Claim 11l wherein the patterned |layer is a patterned conductor

| ayer.

circuits.

What is claimed is:
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13. The method of Caim 12 wherein the difference in areal density of the
patterned conductor layer within the first region and within the second

region is at |east about 10 percent. - 48- 14. The-
further conprising form ng a second insulator |ayer conf t
upon the patterned |layer prior to exposing the patterneHﬂMﬂﬂjm IBEQI“T _
second plasma, the second insulator |ayer being forned ST In *

- 44 -

1. A method for forming an insulator layer with enhanced
uniformity when planarized through a Chemical-Mechanical
Polish (CMP) planarizing process comprising:

providing a semiconductor substrate;

forming upon the semiconductor substrate a-patterned
layer, the patterned layer having a volume density greater
than the volume density of an insulator layer to be formed
upon the patterned layer, the patterned layer also having a
first region having a hign areal density of the patterned
layer and a second region having a low areal density of the
patterned layer;

masking the second region of the patterned layer;

exposing then the first region of the patterned layer to
a first plasma, the first plasma being capable of modifying
}}he first region of the patterned layer such that the

tﬁinsulato: layer will form less rapidly upon the first region

‘6f the patterned layer than upon thé second region of the
patterned layer;

unmasking the second region of the patterned layer; and,

forming upon the patterned layer the insulator layer, the

insulator layer being thicker over the second region than over

the first region.

2. The method of Claim 1 wherein the patterned layer is a

patterned conductor layer.
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oxi de deposited through a Plasma Enhanced Chem cal Vapor Deposition (PECVD)
met hod errpl oying Tetra Ethyl Ortho Silicate (TEOS) as a silicon source
material. 15. The nethod of C aim 14 wherein the second plasna is a
nitrogen plasma. 16. The nethod of C aim 15 wherein: the nitrogen plasma is
provided at a m xed radi o frequency power having a fir y
power of from about 40 to about 60 watts at a first rzazﬂmmmmm Hm]ﬁﬂn
13.56 MHz and a second radi o frequency-ptives of from abdut €420 t® about 480

“watts at a second radio frequency of 350 kHz; and the nitrogen plasma is
provided for a tinme period of from

3. The method of Claim 2 wherein the difference in areal
density of the patterned conductor layer within the first

region and within the second reéion is at least about 10

percent.

4. The method of Claim 1 further comprising forming a second
insulator layer conformally directly upon the patterned layer
pPrior to exposing the patterned layer to the first plasma, the
second insulator layer being formed from a silicon oxide ..
deposited through a Plasma Enhanced Chemical Vapor Deposition
(PECVD) method employing Tetra Ethyl Ortho Silicate (TEOS) as

A silicon source material.

5. The method of Claim 4 wherein the first plasma is an

ﬁ?xygen plasma.

6. The method of Claim 1 further comprising forming a second
insulator layer confoimally directly upon the patterned layer
Prior to exposing the patternec_i layer to the first plasma, the
second insulator layer being formed from a silicon oxide
deposited through a Plasma Enhanced Chemical Vapor Deposition

(PECVD) method employing sil_ane as a silicon source material.

7. The method of Claim 6 wherein the first plasma is

Selected from the -group of plasmas consisting of oxygen
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about 50 to about 70 seconds. 17. The nethod of C aim 11 wherein the
i nsul at or | ayer i s an ozone assisted Chem cal Vapor Deposited (CVD) silicon

oxi de insulator- layer. 18. The nmethod of Caim 17 wherein-the ozone

assi sted -49- Chenical Vapor Deposited (CVD) silicon oxide insulator

o TP s evomel el oot o st oer §1om aoaet SSWGH RSN
- 45 -

plasmas and nitrogen plasmas.

8. The method of Claim 1 wherein:

the first plasma is provided at a mixed radio frequency
power having a first radio frequency power of from about 40 to
about 60 watts at a first radio frequency of 13.56 MHz and a
Second radioc frequency power of from about 420 to about 480
watts at a second radio frequency of 350 kHz; and

the first plasma is provided for a time period of from

about 50 to about 70 seconds.

9. The method of Claim 1 wherein the insulator layer is an
ozone assisted Chemical Vapor Deposited (CVD) silicon oxide
insulator layer. |

. 10. The method of Claim 9 wherein the ozone assisted Chemical
Vapor Deposited (CVD) silicon oxide insulator layer employs
Tetra Ethyl Ortho Silicate (TEOS) as a.silicon source material

at an ozone:TEOS molar ratio of from about 12:1 to about 16:1.

11. A method for férming an insulator layer with enhanced
uniformity when planarized through a Chemical-Mechanical
Polish (CMP) planarizing process comprising:

providing a semiconductor substrate;

forming upon the semiconductor substrate a patterned




about 16:1. 19. A nethod for form ng an insulator layer with enhanced
unlforn1ty when pl anarized through a Chem cal - Mechani cal Poli sh (CWP)y

pl anarizing process conprising: providing a seniconductor,ﬂ“ﬂmm'

form ng upon the sem conductor substrate a patterned |ayer mlﬂmﬂm”m
| ayer having a volune density greater than the volune densi‘ty “of “an" s

i nsul ator layer to be fornmed upon the patterned |ayer, the patterned Iayer

al so having a first region having a high-atd2al density of the patterned:
| ayer and a second region having a | ow areal density of the patterned

| ayer;
layer, the patterned layer having a volume density greater
than the wvolume density of an insulator layer to be formed
upon the patterned layer, the patterned layer also having a
first region having a high areal density of the patterned
layer and a second fegion having a ldw areal density of the
patterned layer;
masking the first region of the patterned layer;
exposing then the second region of the patterned layer to
a second plasma, the second plasma being capable of modifying
the second region of the patterned 1layer sucﬁ that the
insulator layer will form more rapidly upon the second region
of the patterned layer than upon the first region of the
patterned layer;
unmasking the first region of the patterned layer; and,
_ forming upon the patterned layer the insulator layer, thg.
_-insulator layer being thicker over the second region than over

the first region.

12. The method of Claim 11 wherein the patterned layer is a

patterned conducior layer.

13. The method of Claim 12 wherein the difference in areal
density of the patterned conductor layer within the first

region and within the second region is at least about-10

percent.
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maski ng the second regi on of the patterned | ayer and expw

fi'rst region of the patterned layer to a first plasma, the first plasna

" being capable of nodifying the first region of the patternm" TEBHGR ) 18
that the insulator layer will formless rapidly upon the fﬁ* Hmﬂlﬂ” ' f{”"’
the patterned | ayer than upon the second region of the pattern‘ed}l ayers o

unmaski ng the second region of the sem conductor. substrate;
- 48 -

14. The method of Claim 11 further comprising forming a
Second insulator layer conformally directly upon the patterned
layer prior to exposing the patterned layer to the second
pPlasma, thg second insulator layer being formed from a silicon
oxide deposited through a Plasma Enhanced Chemical Vabor
Deposition (PECVD) methqd_employing'Tetra Ethyl Ortho Silicate

(TEOS) as a silicon source hﬁterial.

15. The method of Claim 14 wherein the second plasma is a

nitrogen plasma.

16. The method of Claim 15 wherein: .
the nitrogen plasma is provided at a mixed radio
frequency power having a first radio frequency power of from
.about 40 to about 60 watts at a first radio frequency of 13.56
'f&Hz and a second radio frequency power of from about 420 to
-about 480 watts at a second radio frequency of 350 kHz; and
the nitrogen plasma is provided for a time period of from

about 50 to about 70 seconds.

17. The method of Claim 11 wherein the insulator layer is an
ozone assisted Chemical Vapor Deposited (CVD) silicon oxide

insulator layer.

18. The method of Claim 17 wherein the ozone assisted
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- 50 - ;masking the first region of the patterned |ayer and exposing then
t e second region of the patterned |ayer to a second pl as e _second
pl asma bei ng capabl e of nodifying the second regi on of tth‘E%?EFHEH‘rayef-~
such that the insulator layer will formnore rapidly upon. Jﬁ
of the patterned | ayer than upon the first region of the pat ﬂﬂ ﬂﬂ
unmasking the first region of the sem conductor substrate andw
form ng then upon the patterned | ayer thegignsul ator | ayer, the |nsulator
| ayer being thicker over the second
Chemical Vapor Deposited (CVD) silicon oxide insulator layer
employs Tetra Ethyl Ortho Silicate (TEOS) as a silicon source

material at an ozone:TEOS molar ratio 6f from about 12:1 to

about 16:1.

19. A method for forming an insulator layer with enhanced
uniformity when planarized through a Chemical-Mechanical
Polish (CMP) planarizing process comprising:

providing a semiconductor substrate;

forming upon the semiconductor substrate a patterned
layer, the patterned layer having a volume density greater
than the volume density of an insulator layer to be formed
upon the patterned layer, the patterned layer also having a
first region having a high areal density of the patterned

; ~1ayer and a second region having a low areal density of the
_,patterned layer; '

masking the second region of the patterned layer and-
exposing then the first region of the patterned layer to a
first plasma, the first plasma being capable of modifying the
first region of the patterned layer such that the insulator
layer will form less raﬁidly upon the first region of the-
patterned layer than upon the second region of the patterned
layer;

unmasking the second region of the semiconductor

substrate;
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region than over the first region. 20. The nmethod of Caim 19 wherein the

patterhed | ayer

Is a patterned conductor |ayer, the patterned Cdﬁﬂuctor

"~ layer having a difference in areal density within the
within the second region of at |east about 10 percent. FHIMHWEﬂEF
[ * orsmal

Claim19 further conprising formng a second insul ator
directly upon the patterned | ayer

ayer
prior to exposing the patterned Iayer to

the first plasma and the second pl asma, -t 5@ second insul ator |ayer being
formed froma silicon oxide deposited through a Plasnma Enhanced Chenica

Vapor Deposition (PECVD) nethod enpl oying Tetra Ethyl

as a silicon source

masking the first region of the patterned layer and
exposing then the second region of the patterned layer to a
second plasma, the second plasma being capable of modifying

the second region of the patterned layer such that the

-insulator layer will form more rapidly upon the second region

of the patterned layer than upon the first region of the

patterned layer:;

unmasking the - first region of the semiconductor

substrate; and,

forming then upon the patterned layer the insulator
layer, the insulator layer being thicker over the second

region than over the first region.

20. The methdd of Claim 19 wherein the patterned layer is a

ﬁpatterned conductor layer, the patterned conductor layer

"having a difference in areal density within the first region

and within the second region of at least about 10 percent.

21. The method of Claim 19 further comprising forming a
second insulator layer conformally directly upon the paﬁterned
layer prior to exposing the patterned layer to the first
plasma and the second plasma, the second insulator layer being
formed from a silicon oxide deposited through a Plasma
Enhanced Chemical Vapor Depoéition fPECVD) method employing
Tetra Ethyl Ortho Silicate (TEOS) as a silicon source
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materigl. 22. The nmethod of Caim2l1 wherein the first plasma is an oxygen
pl asma and the second plasma is a nitrogen plasma. 23. The nethod of O aim
22 wherein: the oxygen plasna is provided at a m xed radi o ower
having a first radi o frequency power of from about iﬂm ts at
a first radio frequency of 13.56 MHz and a second r ,”ﬂﬂm aig%/\er of
from about 420 to about 480 watts at a second radi.o frefuencys Ofs -

- 51

material.

22. The method of Claim 21 wherein the first plasma is an

oxygen plasma and the second pPlasma is a nitrogen plasma.

23. The method of Claim 22 wherein:

the oxygen plasma is provided at a mixed radio frequency
Power having a first radio frequency power of from about 40 to
about 60 watts at a first radio '.frequency of 13.56 MHz and a
second radio frequency power of from about 420 to about 480
watts at a second radio frequency of 350 kHz;

the oxygen plasma is provided for a time period of from
about 50 to about 70 seconds;

the nitrogen plasma is provided at a mixed radio

frequency having a first radio frequency power of from about

L

'Lf40 to about 60 watts at a first radio frequency of 13.56 Mhz
and a second radio frequency power of from about 420 to about
480 watts at a second radioc frequency of 350 kHz; and

| the nitrogen plasma is provided for a time period of from

about 50 to about 70 seconds.

24. The method of Claim 19 wherein the insulator layer is an
ozone assisted Chemical Vapor Deposited (CVD) silicon oxide

insulator layer.

REPLACEMENT SHEET

12 DEC 1995




t he oxygen plasma is provided for a tine period of fromabout 50 to about

70" seconds; the nitrogen plasma is provided at a nixed radio frequency
having a first radio frequency power of from about 40 to about 60 watts—at—

a first radio frequency of 13.56 Mz and a second radio f
from about 420 to about 480 watts at a second radio freq mmﬂ"ﬁ%’ﬂﬂ
o

and the nitrogen plasma is provided for a tine period of from '
about 70 seconds. 24. The nethod of d aknB29-wherein the insulator layer is
an ozone assisted Chem cal Vapor Deposited (CVD) silicon oxide insulator

| ayer.

25. The method of Claim 24 wherein the ozone assisted
Chemical Vapor Deposited (CVD) silicon oxide insulator layer
employs Tetra Ethyl Ortho Silicate (TEOS) as a silicon source
material at an ozone:TEOS molar ratio of from about 12:1 to

about 16:i.
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- 52 - 25. The method of O aim24 wherein the ozone agsi SheerHaEBemniRe dced/a or

,Deposited (CVD) silicon oxide insulator |ayer enploys
Silicate (TECS) as a silicon source material at an ozon at e}
of from about 12:1 to about 16:1.

METHOD FOR IMPROVING THE CHEMICAL-MECHANICAL POLISH (CMP)
UNIFORMITY OF INSULATION LAYERS

ABSTRACT OF THE DISCLOSURE

A method for forming an insulator layer with enhanced
uniformity when planarized through a Chemical-Mechanical Polish
(CMP) planarizing process'. There is first provided a semiconductor
substrate having formed thereupon a patterned layer. The patterned
layer has a volume density greater than the volume density of an
insulator layer to be formed upon the patterned layer. The
patterned layer also has a first region having a2 high areal density
of the patterned layer and a second recgion having'é low areal
density of the patterned layer. The second recion of the patterned
layer is then masked. The £irst region of the patterned laver is
then exposed to a first plasma which is capable of modifying the
first region of the patterned layer such that the insulator layer
will form less rapidly upeon the £irst region of the patterned layer
than lu}:_on the second region of the patterned layer. The second
regio'n.zof the semiconductor substrate is then unmasked and the
insula;or layer is formed upon the patterned layer. The insulator
layer so f'ormed being thicker over the second region than cver the
first region. As a first alternative the first region of the
patterned layer may be masked and the second region of the
patterned layer exposed to a second plasma which enhances the
growth of the insulator layer. As a second alternative, both the

first plasma and the second plasma may be employed through

sequential masking steps.
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METHOD FOR IMPROVING THE CHEMICAL-MECHANICAL POLISH (CMP)
UNIFORMITY OF INSULATION LAYERS

ABSTRACT OF THE DISCLOSURE

A method for forming an insulator layer with enhanced
uniformity when planarized through a Chemical-Mechanical Polish
(CMP) planarizing process. There is first provided a semiconductor
substrate having formed thereupon a patterned layer. The patterned
layer has a volume dens;ty greater than the volume density of an.
insulator layer to be formed updn the patterned layer. The
patterned layer also has a first region having a high areal density
of the patterned layer. and a second region having a low areal
density of the patterned layer. The second region of éhe patterned
layer is then masked. The first region of the patterned layer is
then exposed to a.first plasma which is capable of modifying the
first region of the patterned layer such that the insulator layer
will form less rapidly upon the first region of the patterned layer
than upon the second region of the patterned layer. The second
region of the semiconductor substrate is theﬁ unmasked and the
insulatorllayer is formed upon the patterned layer. The insulator
layer so formed being thicker over the second region than over the
first region. As a firét alternative the first region of the
patterned laye; may be masked and the second region of the
patterned lay;r exposed to a second plasma which enhances the
growth of the insulétor layer. As a second.alternative, both the
first plasma and the second plasma may be employed through

sequential masking steps.

(FIGURE 3 IS SUGGESTED FOR PUBLICATION)
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