25 JAN ' 2005 PCLI SHI NG APPARATUS AND METHOD FOR FORM NG AN | NTE T%Ei -
CIRCUT Field of the Invention The present invention relates to i rcigb Necﬁﬂﬂﬁ
circuit fabrication, and nore specifically to a polishing apparatus and to
a met hod, for pollshlng a layer of material in an integrated circuit.
JBackgr‘*ound of the Invention Polishing processes, and nore specifically
chém cal - mechani cal polishing processes, have been used inh the

.-sem conductor industry to prepare both single crystal substrates and
silicon on insulator substrates.,In addition, chem cal-nmechanical polishing
processes have al so been used to planarize various conductive and
insul ating |ayers subsequently deposifled on these substrates, during the
integrated circuit fabrication process. For exanple, chem cal- mechani cal
pol i shing has been used to planarize interlevel dielectric layers that lie
in between two different levels of netal interconnect. Planarizing the
interlevel dielectric layer, prior to the fornmation of the next |evel of

i nt er connePOLISHING ARRARATES ENDNMETHOD FOR'EORMINGWN of
i nterconnect to be subsequently patterned and etched w thout the formation

of conductive netal stringedNTHGRATED CERCANP00a
Field of the Invention -

The present invention relates to integrated circuit fabrication,
and more specifically to a polishing apparatus and to a method for

polishing a layer of material in an integrated circuit.
Background of the Invention

Polishing processes, and more specifically chemical-mechanical
polishing processes, have been used in the semiconductor industry to
prepare both single crystal substrates and silicon on insulator
substrates. In addition, chemical-mechanical polishing processes
have also been used to planarize various conductive and insulating

layers subsequently deposited on these substrates, during the

integrated circuit fabrication process. For example, chemical-
mechanical polishing has been used to planarize interlevel dielectric
layers that lie in between two different levels of metal interconnect.
Planarizing the interlevel dielectric layer, prior to the formation of
the next level of interconnect, is highly desirable because it allows the
next level of interconnect to be subsequently patterned and etched

without the formation of conductive metal stringers, which can




-2 electrically short adjacent netal |ines, and wi thout the formati, j)A "
t hi nned or notched netal |ines, which can adversely effect device 2 N 2085
reliability. Simlarly, chem cal -nechanical polishing has been used to
pl anarize conductive materials, such as tungsten, copper, and alumnum to
‘form pl anar contact plugs, via plugs, and interconnects. In addition,
Chem cal - nechani cal polishing has also been used to formtrench isol ation.
--In this process, trenches are forned and then subsequently filled with a
deposited dielectric layer, such as silicon dioxide. The dielectric |ayer
I's then polished back to formdielectric filled isolation trenches, which
are nearly planar with the adjacent altive regions. In addition to being
pl anar, the resulting trench isolation is also desirable because it allows
t he space separating adjacent active regions to be mnimzed, and thus
allows integrated circuits with high device packing densities to be
fabricated. Unfortunately, the conductive and dielectric |layers formed on
the sen adediritally shivstradjacdnt imetdlignest egdanvetheat e folatitieatoon
process cannot be uniform’y polished with current polishing equi pnent and
pol i shi nghgnnedssenotched ahetalelines nwidahoren hdverbely effect blevitde
polishing rate near_ the edge of the sem conductor substrate is often nuch
hi gher t rehiability n&midad ye eheanical-miechapécalcpalishing hastkeentusedrhus,
portions of fhe conduct | ve .and .

- . to planarize conductive materials, such as tungsten, copper, and

aluminum, to form planar contact plugs, via plugs, and

“interconnects. In addition, chemical-mechanical polishing has also

been used to form trench isolation. In this process, trenches are
- formed and then subsequently filled with a deposited dielectric layer,

such as silicon dioxide. The dielectric layer is then polished back to

form dielectric filled isolation trenches, which are nearly planar with

the adjacent active regions. In addition to being planai‘, the resulting

trench isolation is also desirable because it allows the space

separating adjacent active regions to be minimized, and thus allows

integrated circuits with high device packing densities to be

‘fabricated.

Unfortunately, the conductive and dielectric layers formed on
the semiconductor substrate during the integrated circuit fabrication
process cannot be uniformly polished with current polishing
equipment and polishing processes. One of the main reasons for this
is that the polishing rate near the edge of the semiconductor
substrate is often much higher than that near the center of the
semiconductor substrate. Thus, portions of the conductive and
dielectric layers which lie near the edge of the semiconductor

substrate are often over-polished, and therefore semiconductor die




dielectric layers which lie near the edge of the sem conductor sua%rfm .
are often over-polished, and therefore sem conductor die 2 5 JAN 2 2005
| ocat ed near the edge of the sem conductor substrate are |ost. These die
represent a substantial revenue loss to integrated circuit manufactures.
Accordingly, a need exists for a polishing process and polishing apparatus
that can polish sem conductor substrates with inproved center to edge
~uniformty. Brief Description of the Drawi ngs The present invention may be
nore fully understood by a description of certain preferred enbodinents in
conjunction with the attached drawings in which: FIG 1 illustrates, in
cross-section, a polishing apparatus i-8- accordance with one enbodi nent of
the present invention; FIG 2 illustrates, in plan view, the polishing
apparatus of FIG 1; FIG 3 illustrates, in cross--section, a polishing
apparatus in accordance with another enbodi nent of the present invention;
FIG 4 illustrates, in cross-section, a polishing apparatus in accordance

wi t h anotloeatedhstimind edget dfethe seaticonalartvr sitbstrate abe lostsTheises, in
cross-section, a polishing apparatus in
die represent a substantial revenue loss to integrated circuit
manufactures.
Accordingly, a need exists for a polishing process and polishing
“apparatus that can polish semiconductor substrates with improved

center to edge uniformity.
Brief Description of the Drawings

The present invention may be more fully understood by a
description of certain preferred embodiments in conjunction with the

attached drawings in which:

FIG. 1 illustrates, in cross-section, a polishing apparatus in
accordance with one embodiment of the present invention;

FIG. 2 illustrates, in plan view, the polishing apparatus of FIG.
1; ) |

FIG. 3 illustrates, in cross-section, a polishing apparatus in
accordance with another embodiment of the present invention;

FIG. 4 illustrates, in cross-section, a polishing apparatus in
accordance with another embodiment of the present invention;

FIG. 5 illustrates, in cross-section, a polishing apparatus in

accordance with another embodiment of the present invention;




—

accordance with another enbodi mrent of the present invention; 2.5 JAN I\SA4
FIG 6 illustrates, in cross-section, a polishing apparatus in acdod d Ne’[[}[lﬁ
with an alternative enbodi nent of the present i nvention; FIGs. 7-10
illustrate, in cross-section, process steps in accordance with one

enmbodi ment of the present invention; FIGs. 11-13 illustrate, in
Cross-section, process steps in accordance w t h anot her enbodi nent of the

-present invention; and FIGs. 14-17 illustrate, in cross-section, process

steps in accordance .w th another enbodi nent of the present invention.
Detai |l ed Description of a Preferred Enbodi nent The present invention

provi des a polishing apparatus, and a -4rethod for uniformy polishing a

| ayer of material in an integrated circuit therewith. The polishing
apparatus conprises a polishing platen and a polishing pad having a
central region and a peripheral region. The polishing pad overlies the
polishing platen such that a portion of the front surface of the polishing

pad in the perFIe6allusiPedn ihi@dshVeefidmen b pol i shi ng
pad in the central relgr on. buri ngspolrshr Ag, the pe I%E?%rrg gfj_ﬁ

sem condundaord ssidestvith eroattelrhasividhenitssdphenaloff g Eﬂes@ﬂﬂuiﬁé‘nﬁ@@ﬁ of
the sem conductor substrate is not in contact with the front surface of
the polishi ndflasl. 7A<$ dluslrate, irt beogmbestiong prajcesatstépe indge of the
accordance with one embodiment of the present invention;
FIGs. 11-13 illustrate, in cross-section, process steps in
“accordance with another embodiment of the present invention; and
FIGs. 14-17 illustrate, in cross-section, process steps in

accordance with another embodiment of the present invention.
Detailed Description of a Preferred Embodiment

The present invention provides a polishing apparatus, and a
method for uniformly polishing a layer of material in an integrated
circuit therewith. The polishing apparatus comprises a polishing
platen and a polishing pad having a central region and a peripheral
region. The polishing pad overlies the polishing platen such that a
portion of the front surface of the polishing pad in the peripheral
region lies below the front surface of the polishing pad in the central
region. During polishing, the perimeter of the semiconductor
substrate overlies the peripheral region, and the edge of the
semiconductor substrate is not in contact with the front surface of the
polishing pad. As a result, the polishing rate at the edge of the
semiconductor substrate is reduced, and the semiconductor substrate

is polished with improved center to edge uniformity. Additionally,




e~

sem conduct or substrate is reduced, and the semn conductor substrat IAjA i
polished with inproved center to edge uniformty. Additionally, 2 3 N 2005
2005 -5 since the sem conductor substrate is polished with inproved center

to edge uniformty, die yield is increased because die |located at the edge

- 1of  the’ sem conductor substrate are not over polished. FIG 1 illustrates,

I n cross section, a polishing apparatus 5 in accordance with one

.-enbodi nent of the present invention. In this particular enbodi nent,

pol i shing apparatus 5 conprises a polishing platen 2, an under pad 4, a
polishing pad 6, a carrier 8 and a slurry dispenser 10. In an alternative
enbodi nent, under pad 4 is not placed5between polishing pad 6 and
polishing platen 2. In one enbodinent, under pad 4 is a felt based under
pad conprising polyurethane. For exanple, under pad 4 nay be a SUBA |V
unider pad which is commercially available from RODEL, Inc.. Polishing pad
6 conprises a central region 12 having a front surface 14, and a
peri pher alinteghesekftidtavdnotcr dulostraseid potished ﬁfiﬂ"ﬁtmﬁ?fé@é& cbBtbt s

|

bel ow front surface 14, as shown in FIG 1. In this particular enbodi nent,
peri pher db edge emiférimotyrdiwepicddtisinceehserbbenalfe diavioegted eartbieant angl e

- taper which starts at the perineter 22 of polishing pad 6 and extends to a

pr edet er radgel of dhetdemi@ndutter substrate lreqrot eve? palislpedi shi ng pad 6. It
shoul d be appreci at ed, tpat

FIG. 1 illustrates, in cross section, a polishing apparatus 5 in
- accordance with one embodiment of the present invention. In this
particular embodiment, polishing apparatus 5 comprises a polishing
platen 2, an under pad 4, a polishing pad 6, a carrier 8, and a slurry
dispenser 10. In an alternative embodiment, under pad 4 is not
placed between polishing pad 6 and polishing platen 2. In one
embodiment, under pad 4 is a felt based under pad comprising
polyurethane. For example, under pad 4 may be a SUBA IV under
pad which is commercially available from RODEL, Inc.. Polishing
| pad 6 comprises a central region 12 having a front surface 14, and a
- - peripheral region 16 having a front surface 18. Front surface 18 lies
below front surface 14, as shown in FIG. 1. In this particular
embodiment, peripheral region 16 comprises a tapered region 20
| having a constant angle taper which starts at the perimeter 22 of
- polishing pad 6 and extends to a predetermined location 24 offset
- from the center 26 of polishing pad 6. It should be appreciated, that
tapered region 20 may also be formed using a variable angle taper.
In one embodiment, polishing pad 6 is made of a material comprising
~polyurethane. It should be appreciated that polishing pad 6 and

under pad 4 may be formed as separate pads, or as a composite pad.




——

tapered region 20 may al so be fornmed using a variable angle taper. inme;
enbodi nent, polishing pad 6 is nmade of a material conprising polyar t 2009
It should be appreciated that polishing pad 6 and under pad 4 nay be
formed as separate pads, or as a conposite pad. 2 5 JAN 2005 -6 In FIG 1,
a ‘'sem conductor substrate 28 is also shown mounted to carrier 8 of
polishing apparatus 5. In one enbodi nent, sem conductor substrate 28 is

.rotated by carrier 8, and polishing pad 6 is rotated by polishing platen 2

when sem conductor substrate 28 is polished. In addition, slurry dlspenser
10 dispenses a slurry 30 onto polishing pad 6. Note, carrier 8 and
polishing platen 2 nmay be rotated in-gither the sanme direction, or in
opposite directions. In one enbodinent, carrier 8 is al so radlally
oscillated across polishing pad 6 durlng polishing, and thus the perineter
32 of sem conductor substrate 28 periodically overlies peripheral region
16 of polishing pad 6. Note, sem conductor substrate 28 is oscillated such

that the centley FRE. of asRFEQRIIGERST §ﬂb§t§rraeé o873 M%o%o@'r{ Aegntaoverlie
peripheral region 16 during polishing. Thus, during polishing an edge

portion 3¢ eirridre8fofgmolishing péra%ﬁmfﬁohd@ﬁeoénﬁ)tkﬁiméh@ 28 is
periodically not in contact with polishing pad 6, as shown in FIG 1. As a

resul t, tdeempmndhctoy sabstrate @8ds nmrhated)by%anrser 8danddpolstisgrpadbnduct or
substrate 28 is polished with inproved center to edge
6 is rotated by polishing platen 2 when semiconductor substrate 28 is
polished. In addition, slurry dispenser 10 dispenses a slurry 30 onto
o polishing pad 6. Note, carrier 8 and polishing platen 2 may be
rotated in either the same direction, or in opposite directions. In one
embodiment, carrier 8 is also radially oscillated across polishing pad
6 during polishing, and thus the perimeter 32 of semiconductor
substrate 28 periodically overlies peripheral region 16 of polishing
pad 6. Note, semiconductor substrate 28 is oscillated such that the
center 34 of semiconductor substrate 28 is not allowed to overlie
‘peripheral region 16 during polishing. Thus, during polishing an
. edge portion 36 of the front surface of semiconductor substrate 28 is
& periodically not in contact with polishing pad 6, as shown in FIG. 1.
~As aresult, the polishing rate of edge portion 36 is reduced, and
semiconductor substrate 28 is polished with improved center to edge
uniformity. It is important to note that this improved polishing
uniformity increases die yield because die near the edge of
semiconductor substrate 28 are not over polished. It should also be
appreciated that the amount of time that edge portion 36 spends
over peripheral portion 16 is dependent upon the oscillation
frequency of carrier 8. In an alternative embodiment, carrier 8 is not

radially oscillated across the surface of polishing pad 6, and the




uniformty. It is inportant to note that this inproved polishing -
uniformty increases die yield because die near the edge of sem c&hﬁlu&ﬁﬂrmﬂﬁ
substrate 28 are not over polished. It should also be appreciated that the
amount of time that edge portion 36 spends over peripheral portion 16 is
dependent upon the oscillation frequency of carrier 8 1In an alternative
enbodi ment, carrier 8 is not radially oscillated across the surface of
~polishing pad 6, and the 2 5 JAN 2005 perineter 32 of sem conductor
substrate 28 remains over peripheral portion 16 while sem conductor
substrate 28 is polished. FIG 2 illustrates, in plan view, polishing
apparatus 5 of FIG 1. Note that, car/er 8 and polishing pad 6 are
illustrated as being rotated in opposite directions, and carrier 8 is
illustrated as being oscillated across polishing pad 6. FIG 3
II'lustrates, in cross section, a polishing apparatus 40 in accordance with
an alternative enbodi nent of the present invention. |In this particular

enbodi nenperipetet B2 of sepaicndudtoronimps trats 28ne@rhahdovelraseripherah under

pad 4, a ‘polishing pad 42, carrier 8, and slurry dispenser 10.

In an

al t er nat i peritohdkh menile sendmomﬁdct@rusnbnitateoiﬂ&wpdim:lm pol i shing pl at en

2 and polishing pad 42. Polishing pad 42 conprises a central

region 44

having -a front surface 46, and a peripheral region 48 having a front
surface 50. Froé surface 50 lies bel owfront surface 46, as shown in FIG

1. In this parFI

Rallustrates, in plan view, polishing apparatus 5 of FIG. 1.

Note that, carrier 8 and polishing pad 6 are illustrated as being

rotated in opposite directions, and carrier 8 is illustrated as being

oscillated across polishing pad 6.

FIG. 3 illustrates, in cross section, a polishing apparatus 40 in

“accordance with an alternative embodiment of the present invention.

In this particular embodiment, polishing apparatus 40 comprises
polishing platen 2, an under pad 4, a polishing pad 42, carrier 8, and
slurry dispenser 10. In an alternative embodiment, under pad 4 is not
placed between polishing plafen 2 and polishing pad 42. Polishing
pad 42 comprises a central region 44 having a front surface 46, and a
peripheral region 48 having a front surface 50. Front surface 50 lies
below front surface 46, as shown in FIG. 1. In this particular
embodiment, peripheral region 48 comprises a tapered region 52
having a variable angle taper, and a horizontal region 54 which
extends from the perimeter 56 of polishing pad 42 to tapered region
52. It should be appreciated, that tapered region 52 may also be
formed using a constant angle taper. In one embodiment, polishing

pad 42 is made of a material comprising polyurethane. It should be



enbodi ment, peripheral region 48 conprises a tapered region 52 ﬁd?g$£N
vari abl e angl e taper, and a horizontal region 54 which extends fr 23%
perimeter 56 of polishing pad 42 to tapered region 52. It should be

appreci ated, that tapered region 52 may also be forned using a constant

angl e taper In one enbodi nent, polishing pad 42 is nmade of a materi al
conprising polyurethane. It should be 2 5 JAN 2005 W8_ appreci ated t hat
-pol i shing pad 42 and under pad 4 nay be fornmed as separate pads, or as a
conposite pad. FIG 4 illustrates, in cross section, a polishing apparatus
58 in accordance with an alternative enbodi nent of the present invention.

In this particular enbodi nent, polishi48¢g apparatus 58 conprises polishing
platen 2, an under pad 4, a polishing pad 60, carrier 8, and slurry

di spenser 10. In an alternative enbodi nent, under pad 4 is not placed
between polishing platen 2 and polishing pad 60. Polishing pad 60

conprises a central region 62 having a front surface 64, and a peripheral

regi on 6Gappmedgted thatpodishingep&@ %ﬂdﬁhﬂd&r i Iil be founiag@as6s |ies

bel ow front” surface 64, as shown in FIG 1. hi s ticul ar enbodi nent,
peri pher aﬂepm@iteqx&ﬂis,mﬁsiaseenq)gﬁd!e\fmd. r egl on 72 and a horizontal region
74. Horizontal region 74 is substantially co-planar with central region
62, and extends fron1the perimeter 76 of polishing pad 60 to grooved
region 72, as I*slh(g 47 lustrates, in cross section, a polishing apparatus 58 in
~ accordance with an alternative embodiment of the present invention.
In this particular embodiment, polishing apparatus 58 comprises
polishing platen 2, an under pad 4, a polishing pad 60, carrier 8, and
slurry dispenser 10. In an alternative embodiment, under pad 4 is not
placed between polishing platen 2 and polishing pad 60. Polishing
- pad 60 comprises a central region 62 having a front surface 64, and a
peripheral region 66 having a front surface 68. A portion 70 of front
surface 68 lies below front surface 64, as shown in FIG. 1. In this
particular embodiment, peripheral region 66 comprises a grooved
region 72 and a horizontal region 74. Horizontal region 74 is
} - substantially co-planar with central region 62, and extends from the
perimeter 76 of polishing pad 60 to grooved region 72, as shown in
' FIG. 4. In this particular embodiment, grooved region 72 is formed
| using tapered sidewalls and a flat bottom. It should be appreciated,
however, that grooved region 72 may be formed to have a variety of
shapes. For example, it may be formed to have substantially vertical
sidewalls and a flat bottom, such that it has a U-type shape, or
formed with tapered sidewalls, but without a flat bottom, such that it
has a V-type shape. Similarly, horizontal region 74 may also be

formed to lie below front surface 64. In addition, polishing pad 60




FIG 4. In this particular enbodi nent, grooved region 72 is formed _ usi
tapered sidewalls and a flat bottom It should be appreci ated, hoﬁb5edAﬁ ﬂMﬁ
that grooved region 72 may be fornmed to have a variety of shapes. For
exanple, it may be fornmed to have substantially vertical sidewalls and a
flat bottom such that it has a U-type shape, or fornmed with tapered
sidewal s, but without a flat bottom such that it has a V-type shape.
Simlarly, horizontal region 74 nay also be~ forned to |lie bel ow front
surface 64. In addition, polishing pad 60 -9 nmay al so be forned having

hori zontal holes fornmed within it (not shown), which extend from perineter
76 to grooved region 72, so that slurmy does not accumulate within grooved
region 72 during polishlng I n one enbodi nent, polishing pad 60 is nade of
a material conprising polyurethane. It should be appreciated that polishing
pad 60 and under pad 4 may be fornmed as separate pads, or as a conposite
pad. FIG 5 illustrates, in cross section, a polishing apparatus 78 in

accor danq@lay aléoaBn%Ebeﬁ[é@HaﬁPg”]E@ﬁzﬁﬂél Pbled ?(%ﬂh%?FWHhﬂY?f'gﬂ@ Ui n g

this particdlar enbodi nent I ng apparatus 78 conpri ses
pl at en Zsfﬁﬂv@i)plwhﬁaﬁeﬁterﬂmfﬂmrﬁ eftmB sk ﬁQ,to o\%d%e 7;§'sldfry

di spenser 10. I'n an alternative enbodi nent, r pad 4 no pl aced

bet ween phiatsfhiingy plowseno®agodnmelate Wft@ungi‘(ﬁﬁled’@b i f?@ dmﬁ-@o
~conpri ses a cent ral region 82 having a front surface 84, and a
polishing. In one embodiment, polishing pad 60 is made of a material
. comprising polyurethane. It should be appreciated that polishing
pad 60 and under pad 4 may be formed as separate pads, or as a

composite pad.

FIG. 5 illustrates, in cross section, a polishing apparatus 78 in
accordance with an alternative embodiment of the present invention.
In this particular embodiment, polishing apparatus 78 comprises
polishing platen 2, an under pad 4, a polishing pad 80, carrier 8, and
slurry dispenser 10. In an alternative embodiment, under pad 4 is not
piaced between polishing platen 2 and polishing pad 80. Polishing
pad 80 comprises a central region 82 having a front surface 84, and a
peripheral region 86 having a front surface 88. Front surface 88 lies

~ below front surface 84, as shown in FIG. 5. In this particular
embodiment, peripheral region 86 comprises a substantially vertical
sidewall 90 and a horizontal region 92, which extends from the
perimeter 94 of polishing pad 80 to vertical sidewall 90. In one
‘embodiment, polishing pad 80 is made of a material comprising
polyurethane. It should be appreciated that polishing pad 80 and

under pad 4 may be formed as separate pads, or as a composite pad.




eri pheral region 86 having a front surface 88. Front surface 88 li,e o
Bel ow front surface 84, as shown in FIG 5. In this particular enﬂoﬁiwtwﬂﬁ
peri pheral region 86 conprises a substantially vertical sidewall 90 and a
horizontal region 92, which extends fromthe perinmeter 94 of polishing pad
80 to vertical sidewall 90. In one enbodinment, polishing pad 80 is nmade of
a material conprising polyurethane. It should be appreciated that
-pol i shing pad 80 and under pad 4 may be fornmed as separate pads, or as a
conposite pad. 2 5 JAN No -10 FIG 6 illustrates, in cross section, a
pol i shing apparatus 95 in accordance with an alternative enbodi ment of the
present invention. In this particul arlenbodi nent, polishing apparatus 95
conprises a polishing platen 96, an under pad 98, a polishing pad 100, a
carrier 102, and a slurry dispenser 104. In an alternative enbodi nent,
under pad 98 is not placed between polishing platen 96 and poli shing pad
100. In this particular enbodi nent, polishing platen 96 conprises a

conprises a cdfifsab iHegtrated P andsaseetionharpolishih@mpidfratasdds par i pher al
region 108 lies below central region 106. In'this pafticular enbodi nent,

per i pher sicaoediamce1 bt ampalternativeagerbestliraghd of the paescret hoventional

region 112. Horizontal region 112 extends fromthe perineter 114 of

pol i shi ndnpthis@adsrulertespbodisgent paldshing sppuratue 95 comprises a
polishing platen 96, an under pad 98, a polishing pad 100, a carrier
102, and a slurry dispenser 104. In an alternative embodiment, under
pad 98 is not placed between polishing platen 96 and polishing pad
100.

In this particular embodiment, polishing platen 96 comprises a
comprises a central region 106 and a peripheral region 108, and
peripheral region 108 lies below central region 106. In this particular
embodiment, peripheral region 108 comprises a tapered region 110
and a horizontal region 112. Horizontal region 112 extends from the
perimeter 114 of polishing platen 96 to taper region 110. It should be
appreciated that tapered regibn 110 may be formed either as a
variable angle taper or as a constant angle taper. In addition, it
should also be appreciated that polishing platen 96 may also be

- formed without horizontal region 112, such that tapered region 110
starts at the perimeter 114 of polishing platen 96.

In one embodiment, under pad 98 is a felt based under pad
comprising polyurethane. For example, under pad 98 may be a
SUBA IV under pad which is commercially available from RODEL,
Inc.. |

In one embodiment polishing pad 100 is made of a material

comprising polyurethane. For example, polishing pad 100 may be a




appreci ated that tapered region 110 nmay be fornmed either as a variaggj .
angl e taper or as a constant angle taper. In addition, it should al AN 2005
appreci ated that polishing platen 96 may al so be formed w thout horizontal
region 112, such that tapered region 110 starts at the perineter 114 of
polishing platen 96. In one enbodi ment, under pad 98 is a felt based under
pad conprising pol yurethane. For exanple, under pad 98 nay be a SUBA V
-under pad which is commercially available fromRODEL, Inc.. In one

enbodi ment polishing pad 100 is nade of a material conprising

pol yur et hane. For exanple, polishing pad 100 may be a 2 5 JAN 2005 -11

| CL000 polishing pad which is commercigai-ly available from RODEL, Inc.. It

is inportant to note that polishing pad 100 confornms to the wunderlying

t opography of polishing platen 96, and therefore polishing pad 100

conprises a central region 116 having a front surface 118, and a

peri pheral region 120 having a front surface 122. Front surface 122 lies

bel ow f r oi(1G600 Pgﬂg}ﬁﬁg, pad W is Rothfhetially avdlsh RAfIAEUREDEL

enbodi nent, per eral “region 120 conprises a “tapered region 124 anfd a

or o i i g s e ol O e 17
pol i shi ngupderkyringstopograpley of polishing platen 96, and therefore
polishing pad 100 comprises a central region 116 having a front ;
surface 118, and a peripheral region 120 having a front surface 122.
Front surface 122 lies below front surface 118, as shown in FIG. 6. In
this particular embodiment, peripheral region 120 comprises a
tapered region 124 and a horizontal region 126, which extends from
the perimeter 128 of polishing pad 100 to tapered region 124. It
should be appreciated, however, that if polishing platen 96 is formed
without horizontal region 112, as previously discussed, then tapered
region 124 would start at the perimeter 128 of polishing pad 100. It
should also be appreciated that polishing pad 100 and under pad 98

may be formed as separate pads, or as a composite pad.

FIG. 7 through FIG. 10 illustrate, in cross-section, process
steps in accordance with one embodimeﬂt of the present invention
wherein a trench isolation structure is formed in an integrated
circuit. Shown in FIG. 7, is a portion 130 of an integrated circuit
structure comprising a semiconductor substrate 132, a buffer layer
134, a polish-stop layer 136, and a photoresist mask 138.
Semiconductor substrate 132 is preferably a monocrystalline silicon
substrate. Alternatively, semiconductor substrate 132 may be a

silicon-on-insulator (SOI) substrate, a silicon-on-sapphire (SOS)




wi t hout horizontal region 112, as previously discussed, then tapereZ;j
region 124 would start at the perineter 128 of polishing pad 100. | 3 JAN 2005
shoul d al so be appreciated that polishing pad 100 and under pad 98 nmay be
formed as separate pads, or as a conposite pad. FIG 7 through FIG 10

‘tllustrate, in cross-section, process steps in accordance with one

enbodi ment of "the present invention wherein a trench isolation structure

is formed in an integrated circuit. Shown in FIG 7, is a portion 130 of

——

an integrated circuit structure conprising a sem conductor substrate 132,
a buffer layer 134, a polish-stop layer 136, and a photoresist mask 138.
Sem conductor substrate 132 is preferably a nonocrystalline silicon
substrate. Alternatively, sem conductor substrate 132 nmay be a
silicon-on-insulator (SO) substrate, a silicon-on-sapphire (SCS) 2 5 JAN
2005 -12 substrate, a silicon-germani um substrate, or the |ike. Buffer

| ayer 134 typically has a thickness ranging from5 to 100 nanoneters, and

is pref esalbddrade ta{'%ﬂ%mﬁ@ﬂﬁaﬁﬁxﬁ{ S%B%tésoi“(%h@eﬁ'l&?y Bifferdh :y)%:r buf f er

oxidizing a portion of sel conductor substrate 132 ternative
layer 13413dyypicaly hewix thickarss sipt O3 i 200NANEMtRYs anffak! owi ng

the formation of buffer |ayer 134, polish-stop layer 136 is f'ormed over

buf fer | apreferably Edihen'ma]t oxnda],ag,rerlﬁﬂuthgsd&h-hyed@Stheﬁrhna@lyﬂess rangi ng
fromb50 to 200 nanoneters, and is preferabl

- oxidizing a portion of semiconductor su )l/Jstrate 132. Alternatively,

buffer layer 134 may be a chemical vapor deposited silicon oxide
layer. Following the formation of buffer layer 134, polish-stop layer

136 is formed over buffer layer 134. Polish-stop layer 136 typically

has a thickness ranging from 50 to 200 nanometers, and is preferably

a silicon nitride layer. Alternatively, polish-stop layer 136 may be a
boronitride layer, a silicon oxynitride, or the like. Photoresist mask

138, which overlies a portion of polish-stop layer 136 is formed using

standard photolithographic patterning processes.

In FIG. 8, photoresist mask 138 is used to etch polish-stop layer
136 and underlying buffer layer 134, and form a patterned trench
mask 140 that overlies a portion of semiconductor substrate 132. In
addition, semiconductor substrate 132 is etched in regions not
covered by patterned trench mask 140 to form trenches 142 in
semiconductor substrate 132. Note, patterned trench mask 140
comprises a remaining portion of polish-stop layer 136 and a
remaining portion of buffer layer 134. Trenches 142 and patterned
trench mask 140 are formed using conventional etching techniques.

It should be appreciated that photoresist mask 138 may be removed




a silicon nitride |ayer. Alternatively, polish-stop |ayer 136 may &dia »
boronitride layer, a silicon oxynitride, or the like. Photoresist ®e kLAN 2005
138, which overlies a portion of polish-stop layer 136 is formed using
standard photolithographic patterning processes. In FIG 8, photoresist
mask 138°is used to etch polish-stop layer 136 and underlying buffer |ayer
134, and forma patterned trench nmask 140 that overlies a portion of

'sem conductor substrate 132. In addition, sem conductor substrate 132 is
etched in regions not covered by patterned trench nmask 140 to form
trenches 142 in sem conductor substrate 132. Note, patterned trench mask
140 conprises a remaining portion of -p®»lish-stop |ayer 136 and a

remai ni ng portion of buffer |ayer 134. Trenches 142 and patterned trench
mask 140 are fornmed using conventional etching techniques. It should be
‘appreci ated that photoresist mask 138 may be renoved 2 5 JAN zoe5 -13 using
conventional photoresist stripping techniques, either before or after

trenches {dm ﬁ@éﬁv‘@@ﬂfhﬁ@l d]gn@&toféslﬁ algg]ﬁ%%ehﬁagﬁég ¢iAMer bdbre ot hen

formed overl sem con tor substr ectric layer 144
overlies pfbterencheendd imek bbédh Antnedes within trench 142, such that it

substantially fills trenches 142. In a preferred enbodinent, dielectric
| ayer 144 is a |layer of plasm oxide, which is fornmed using a commercially
In FIG. 9, a dielectric layer 144 is then formed overlying
semiconductor substrate 132. Dielectric layer 144 overlies pattern
trench mask 140 and lies within trench 142, such that it substantially
fills trenches 142 . In a preferred embodiment, dielectric layer 144 is a
layer of plasma oxide, which is formed using a commercially
available high density plasma deposition system. In an alternative
embodiment, dielectric layer 144 is a layer of chemically vapor
deposited oxide, which is deposited using ozone and
tetraethylorthosilicate (TEOS) as source gases. It should be
“appreciated that dielectric layer 144 may also be formed using other
dielectric materials, such as germanium oxide, boro-phosphate-
silicate-glass (BPSG), phosphate-silicate-glass (PSG), boro-silicate-
glass (BSG), spin-on-glass, or the like, and that it may be may be
formed using other techniques such, electron cyclotron resonance
deposition, spin-on deposition, or the like. In addition, it should also
be appreciated that a trench liner (not shown) may also be formed
within trenches 142 prior to forming dielectric layer 144. For
example, a portion of semiconductor substrate 132 may be thermally

oxidized to form a thermal oxide layer along the sidewall and

bottom of trenches 142 prior to depositing dielectric layer 144. Note,




avai | abl e high density plasma deposition system In an alternative _
enbodi nent, dielectric layer 144 is a | ayer of chem cally vapor dgb%siﬁﬂdﬂm5
oxi de, which is deposited using ozone and tetraethylorthosilicate (TEAS)

as source gases. It should be appreciated that dielectric |ayer 144 may

al so bé fornmed using other dielectric materials, such as gernmani um oxi de,

bor o- phosphat e- silicate-glass (BPSG, phosphate-silicate-glass (PSG,

-boro-silicate- glass (BSG, spin-on-glass, or the like, and that it may be

.

may be fornmed using other techniques such, electron cyclotron resonance
deposition, spin-on deposition, or the like. In addition, it should also

be appreciated that a trench |iner (net4shown) may also be formed within
trenches 142 prior to formng dielectric |ayer 144. For exanple, a portion
of sem conductor substrate 132 may be thermally oxidized to forma therm
oxi de | ayer along the sidewall and bottom of trenches 142 prior to
depositing dielectric layer 144. Note, 2 5 JAN 2005 -14 the trench |iner

wi Il hav treinchnkéner whilthave a tsiddriesisewhitle i$ ihsufficiemtitesfill42. In FIG
10, dielectric layer 144 is then uniformy polished, as described above in
FIG 1 threnghesIid2.6, to expose a portion of patterned trench mask 140
and | eave a remmining portion 146 of dielectric |layer 144 in trenches 142.
I n one enbodi ment, dielectric

In FIG. 10, dielectric layer 144 is then uniformly polished, as
“described above in FIG. 1 through FIG. 6, to expose a portion of
patterned trench mask 140, and leave a remaining portion 146 of
dielectric layer 144 in trenches 142. In one embodiment, dielectric
“layer 144 is a layer of silicon oxide and is polished using a slurry
comprising potassium hydroxide, deionized water, and a silica
abrasive. Alternatively, dielectric layer 144 may be polished using a
slurry comprising potassium hydroxide, deionized water, and an
alumina abrasive, or using a slurry comprising ammonium
~ hydroxide, deionized water, and a silica abrasive. After being
- exposed, patterned trench mask 140 is then subsequently removed to
define active regions and trench isolation regions within
‘semiconductor substrate 132 (not shown). Patterned trench mask 140
-is removed using a wet or a dry etch process, or a combination
thereof. |

HG. 11 through FIG. 13 illustrate, in cross-section, process
steps in accordance with one embodiment of the present invention,
wherein a planarized interlevel dielectric layer is formed in an
integrated circuit. Shown in FIG. 11, is a portion 148 of an

integrated circuit structure comprising a semiconductor substrate




| ayer 144 is a layer of silicon oxide and is polished using a slurry -
conpri sing potassi um hydroxi de, deionized water, and a silica abr385v4AN 2005
Alternatively, dielectric |ayer 144 maybe polished using a slurry.
conprising potassi um hydroxide, deionized water, and an al um na abrasive,

or using a slurry conprising ammoni um hydroxi de, deionized water, and a
silica abrasive. After being exposed, patterned trench mask 140 is then

‘subsequently renoved to define active regions and trench isolation regions

.

within sem conductor substrate 132 (not shown). Patterned trench mask 140
I's renmoved using a wet or a dry etch process, or a conbination thereof.
FIG 11 through FIG 13 illustrate, inRl®ross-section, process steps in
accordance with one enbodi nent of the present invention, wherein a

pl anari zed interlevel dielectric layer is fornmed in an integrated circuit.
Shown in FIG 11, is a portion 148 of an integrated circuit structure
conprising a sem conductor substrate 2 5 JAN 2005 -15 150, a dielectric

| ayer 1521 5@l dpelecerieddyeon®as hinde paetdreel dodductane Arasieirgri Sbst rat e

150 is simlar to sem conductor substrate 132 of FIG 7. In one
enmbodi merbermdcehdetator sudngératesbs0 is similae todseindécondactay substrate
alternative enbodi nent, dielectric layer 152 is an interlevel dielectric
layer. |f13R ofddfs.i%6 Iayome eptbodimend; dieleetdctayer 152 is a gate
- dielectric layer. In alternative emibodiment, dielectric layer 152 is an
-interlevel dielectric layer. If dielectric layer 152 is a gate dielectric
layer, then semiconductor substrate 150 is preferably thermally
oxidized to form dielectric layer 152. It should be appreciated,
however, that other dielectric materials, such as silicon oxynitride or
chemical vapor deposited silicon dioxide may also be used to form a
gate dielectric layer. If dielectric layer 152 is an interlevel dielectric
layer then dielectric layer 152 may be a layer of silicon dioxide, a
layer of silicon nitride, a layer of boro-phosphate-silicate-glass
(BPSG), a layer of phosphate-silicate-glass (PSG), a layer of spin-
on-glass (SOG), a silicon oxynitride layer, a polyimide layer, or the |
like. In addition, a combination of the foregoing dielectric materials
may also be used to form dielectric layer 152. After dielectric layer
_BﬁﬁmmwﬁmmdmmmhwnﬁmdeBbm@dwmwmg
- dielectric layer 152, and then patterned using conventional
lithographic processes to form conductive members 154. Conductive
members 154 may be formed using a doped polysilicon layer, a metal
layer, a metal silicide layer, a metal nitride layer, or a combination
thereof.




| ayer, then sem conductor substrate 150 is preferably thermally Ofkgiﬁﬁﬂ" §
to formdielectric layer 152. It should be appreciated, however, téhat 2005
other dielectric materials, such as silicon oxynitride or chem cal vapor
deposited silicon dioxide may also be used to forma gate dielectric

layer. ‘If dielectric layer 152 is an interlevel dielectric |ayer then
dielectric layer 152 may be a layer of silicon dioxide, a |layer of silicon
‘nitride, a layer of boro-phosphate-silicate-glass (BPSG, a |ayer of '
phosphat e-silicate-glass (PSG, a |layer of spin- on-glass (SO3, a silicon
oxynitride layer, a polyimde layer, or the like. In addition, a

conmbi nation of the foregoing dielectri-tetmaterials may al so be used to form
dielectric layer 152. After dielectric layer 152 is formed, a conductive

| ayer of material is fornmed overlying dielectric |ayer 152, and then

patterned using conventional |ithographic processes to form conductive

menbers 154. Conductive nenbers 154 may be fornmed using a doped

pol ysilicon | alfeFIGa 1% tzadiclbadt laverebelis shehdidientdXsFerldindt al nitride

| ayer, or a conbination thereof. 5 JAN "2005 In FIG 12,”a Wielectric

| ayer 156sémicdhmduicoonsubstierteyisly Dielvcededuyeer] Seunsty bee r bfel ectric
| ayer 156 may be a | ayer of silicon dioxide,"a layer of silicon nitride, a
| ayer of $idicorpdisyide, e layen ofisicpasdtiidese)layariahleorofphosphate-

phosphate-gsjlicate-glass (PSG, a |ayer of spin-on-glass (SOG, a silicon
oxyni tri d& cajerglags (8RS G da layer of phosphate-silicate-glass (PSG), a .

layer of spin-on-glass (SOG), a silicon oxynitride layer, a polyimide
layer, or the like. In addition, a combination of the foregoing

dielectric materials may also be used to form dielectric layer 156.

In FIG. 13, dielectric layer 156 is then uniformly polished, as
~described above in FIG. 1 through FIG. 6, to form a planarized
interlevel dielectric layer 158. In one embodiment, dielectric layer 156
is a layer of silicon oxide and is polished using a slurry comprising
potassium hydroxide, deionized water, and a silica abrasive.
~  Alternatively, dielectric layer 156 may be polished using a slurry
comprising potassium hydroxide, deionized water, and an alumina
abrasive, or using a slurry comprising ammonium hydroxide,

deionized water, and a silica abrasive.

FIG. 14 through FIG. 17 illustrate, in cross-section, process
steps in accordance with one embodiment of the present invention,
wherein a conductive member is formed in an integrated circuit.
Shown in FIG. 14, is a portion 160 of an integrated circuit structure
comprising a semiconductor substrate 162, a conductive region 164,

and dielectric layer 166, and a photoresist mask 168. Semiconductor




| ayer, or the like. In addition, a conbination of the foregoing dige gejﬁﬁic
materials may al so be used to formdielectric layer 156. In FIG 1 2005
dielectric layer 156 is then uniformy polished, as described above in

FIG | through FIG 6, to forma planarized interlevel dielectric |ayer

158. In one enbodi nent, dielectric layer 156 1is a layer of silicon oxide

and is polished using a slurry conprising potassium hydroxi de, deionized
water, and a silica abrasive. Alternatively, dielectric |ayer 156 may be
polished using a slurry conprising potassium hydroxi de, deionized water,
~and an alum na abrasive, or using a slurry conprising amoni um hydroxi de,

dei oni zed water, and a silica abrasivel7-FIG 14 through FIG 17 illustrate,
in cross-section, process steps in accordance with one enbodi ment of the
present invention, wherein a conductive nenber is fornmed in an integrated
circuit. Shown in FIG 14, is a portion 160 of an integrated circuit
structure conprising a sem conductor substrate 162, a conductive region

164, andsubstrabs 162 ik ayerildbfo sendconphaitor sxibiraRsk31 68 FIgeny cgaduct or 2
5 JAN 2005 47 substrate 162 is sinmlar to senm conductor substrate 132 of

FIG 7. lone enebedhm@tmmdnoﬂue&eg&onégﬁm d Gbped regimedvhidi haswhi ch
has been forned within a portion o sen1conductor subStrate 162. For
exanpl e, heemigrmedawithint aspartienrafgemicanduptor dubstratediah, Far
example, it may be a doped source region, a doped drain region, a
doped well contact, or the like. In an alternative embodiment,
conductive region 164 is a patterned conductive member, such as a
- gate electrode, a contact plug, a via plug, an interconnect, or the like.
Note, that if conductive region 164 is a gate electrode, a via plug, or
an interconnect, then at least one dielectric layer (not shown) will lie
between conductive region 164 and semiconductor substrate 162.
Dielectric layer 166 may be a layer of silicon dioxide, a layer of silicon
nitride, a layer of boro-phosphate-silicate-glass (BPSG), a layer of
phosphate-silicate-glass (PSG), a layer of spin-on-glass (SOG), a
= silicon oxynitride layer, a polyimide layer, or the like. In addition, a
o combination of the foregoing dielectric materials may also be used to
form dielectric layer 166. Photoresist mask 168, which overlies a
| éortion of dielectric layer 166, is formed using standard

photolithographic patterning proceéses.

In FIG. 15, dielectric layer 166 is etched using photoresist mask
168 to form an opening 170 within dielectric layer 166. A portion of
conductive region 164 is exposed within opening 170, as shown in
- FIG. 15. It should be appreciated that dielectric layer 166 may be

etched using a wet or a dry etch process, or a combination thereof.




doped well contact, or the like. In an alternative enbodi nent, condu tlxﬁ.j
region 164 is a patterned conductive nenber, such as a gate el ecti eJ 2005
contact plug, a via plug, an interconnect, or the like. Note, that if
conductive region 164 is a gate electrode, a via plug, or an interconnect,
then at |east one dielectric layer (not shown) wll he between conductive
regi on 164 and sem conductor substrate 162. D electric |ayer 166 nay be a
‘layer of silicon dioxide, a |layer of silicon nitride, a |ayer of

bor o- phosphat e-silicate-glass (BPSG, a |ayer of phosphate-silicate-glass
(PSG, a layer of spin-on-glass (SOG, a silicon oxynitride |layer, a
polyimde |ayer, or the like. In additi®n, a conbination of the foregoing
dielectric materials may also be used to formdielectric |ayer 166.

Phot oresi st mask 168, which overlies a portion of dielectric |layer 166, is
formed using standard photolithographic patterning processes. In FIG 15,
dielectric layer 166 is etched using photoresist mask 168 to form an
opening 170 within dielectric layer 166. A portion of conductive region
164 is exposed within opening 170, as shown in FIG 15. It should be
~appreci ated t hat FidGellég tarbartiey duyd6 6704y then firghed osenlyiagwet or a dry

etch process, or a conbination thereof. 2 5 JAN 2005 In FIG ~16, a barrier
| ayer 172semicorductonsubstrateyiody Baerierdagectld? cvbsliesiddeldricBarri er
| ayer 172 overlies dielectric layer 166 and |ies wthin opening 170, such
that it déyeridd and lies within opening 170, such that it does not fill
(- opening 170. A conductive layer 174 is then formed overlying barrier
layer 172, such that opening 170 is substantially filled by conductive
layer 174. Barrier layer 172 may be a metal nitride layer, such as
titanium nitride, tantalum nitride, tungsten nitride, tantalum-silicon
nitride, or the like, or a metal layer, such a layer of titanium, a layer
of tantalum, a layer of tungsten, or the like, or a combination
thereof. For example, barrier layer 172 may be a composite layer of
titanium and titanium nitride. Conductive layer 174 may be an
aluminum layer, an aluminum alloy layer, a copper layer, a tungsten

layer, a doped polysilicon layer, or the like.

In FIG. 17, conductive layer 174 and barrier layer 172 are then
uniformly polished, as described above in FIG. 1 through FIG. 6, to
form a conductive member 176, such as a contact plug, a via plug, or
an inlaid interconnect. In one embodiment, wherein conductive layer
174 is a tungsten layer and barrier layer 172 comprises titanium
nitride, a slurry comprising ferric nitrate, deionized water, and a
silica abrasive is used to form conductive member 176. Alternatively,
tungsten and titanium nitride may also be polished using a slurry

comprising hydrogen peroxide, deionized water, and a silica




opening 170. A conductive layer 174 is then forned overlying barriié Iﬁmer
172, such that opening 170 is substantially filled by conductive ‘§ed 2005
174. Barrier layer 172 may be a netal nitride layer, such as titanium
nitride, tantalumnitride, tungsten nitride, tantalumsilicon nitride, or
the like, or a netal layer, such a layer of titanium a layer of tantalum

a l'ayer of tungsten, or the like, or a conbination thereof. For exanple,

barrier layer 172 may be a conposite |ayer of titaniumand titanium

-
i
"3

nitride. Conductive |ayer 174 may be an alum num |l ayer, an al um num al |l oy

"~ layer, a copper layer, a tungsten |ayer, a doped polysilicon |ayer, or the

like. In FIG 17, conductive |ayer 1741@end barrier |layer 172 are then

uni formy polished, as described above in FIG 1 through FIG 6, to forma
conductive nenber 176, such as a contact plug, a via plug, or an inlaid

i nterconnect. In one enbodi nent, wherein conductive layer 174 is a
tungsten layer and barrier |ayer 172 conprises titanium nitride, a slurry

conpri si ngbfaivec Ini dhatleerrieivaictabod@heint, %ﬂe@euﬁtbh%&k@%%xéri s used
to form conductive nenber 176. Alternativel y, tungsten and titahium

nitride nkyd & acdpperlaphedndsbagrier taver 172 comprrigasdidntdigaemn per oxi de,
dei oni zed water, and a silica 2 5 JAN Z005 -19 abraS|ve In an alternatlve

“enmbodi nens umyi@cn’nprmmguhydvegleayperomde ideianioghevatery emchadsilianr i er

| ayer 172 conprises tantalum a
abrasive is used to form conductive member 176.

Thus it is apparent that there has been provided, in accordance
with the present invention, a polishing apparatus and a method for
polishing a layer of material in an integrated circuit that fully meets
the need and advantages set forth previously. Although the
invention has been described and illustrated with reference to
specific embodiments thereof, it is not intended that the invention be
limited to these illustrative embodiments. Those skilled in the art
will recognize that modifications and variations can be made |
without departing from the spirit of the invention. Therefore, it is
intended that this invention encompass all such variations and

modifications as fall within the scope of the appended claims.




slurry conprising hydrogen peroxi de, deionized water, and a silica -
abrasive is used to formconductive nenber 176. Thus it is apparentz'ﬁhJAN 2005
t here has been provided, in accordance wth the present invention, a
pol i shing apparatus and a nmethod for polishing a |layer of material in an
integrated circuit that fully neets sphe need and advantages set forth

previously. Al though the invention has been described and illustrated with
reference to specific enbodinments thereof, it is not intended that the
invention be limted to these ill ustaiasi ve enbodi ments. Those skilled in

the art wll recognize that nodifications and variations can be nade

wi t hout departing fromthe spirit of the invention. Therefore, it is

i ntended that this invention enconpass all such variations and

nmodi fi catt ons?® agefhatd {4t Hiognihe 3seopetegrathd gppewndedeeiraiasng 25 JAN 200
20 Cains ~. & hed for formng an integrated circuit conprising the
steps of: providing a sem conductor substrate having a perinmeter; formng
a | ayer of materi aProvelPyi ng? t heerSERPEHTdECt oF WP &t R at d224P8vi dt ng a
pol i shi ngepatkdeayi ng a center and a

forming a layer of material overlying the
.semiconductor substrate;

providing a pelishing pad having a center and a
perimeter, the polishing pad having a tapered region that extends
from the perimeter of the polishing pad to a selected location
offset from the center of thé polishing pad; and

polishing the layer of material, wherein during
polishing the perimeter of the semiconductor substrate overlies
the tapered region of the polishing pad for a selected periocd cof

time.

2 The method of c¢laim 1, further comprising the step of
moving the substrate radially across the polishing pad while

polishing the layer of material.

3. The method of claim 1, wherein the pelishing pad has a
first thickness at the selected location and a second thickness
at the perimeter, and wherein the second thickness is less than

the first thickness.

4. The method of claim 1, wherein the layer of material is

further characterized as a copper layer.




perimeter, the polishing pad having a tapered region that extends inRAthe
perineter of the polishing pad to a selected | ocation offset f r omét heJAN 2009
center of the polishing pad; and polishing the |ayer of naterial, wherein
during polishing the perinmeter of the sem conductor substrate overlies

the tapered region of the polishing gad for a selected period of tine. 2

- The nethod of claim1, further conprising the step of noving the substrate
radially across the polishing pad while polishing the |ayer of material.

3. The method of claim1l1l, wherein the polishing pad has a first thickness

at the sel ect edel %Q%Qnoandcpai&ec:@,ndfhmrcé&neéénpﬂfsﬁ?e_tm@r | S| er ¢ and
wherein the second thickness is less than the first thickness. 4. The

met hod of 1EPERTINE, 2wFEHEYN CORRT 1dy8r BT AsNe PRPAPXIYS opubhhetodrbiaEt eri zed
as a coppea.layer. 2 5 JAN 2005 21 5. The nethod of claim4, further
conprising the step of dispensing a slurry conprising hydrogen peroxi de on
the polishing pad. 6. The nethod of claim1l, wherein the |ayer of materi al
is furthler chaeaetendzedt aslaint ungstlesnrdiayethe layer of material is

further characterized as a tungsten laver.

7. The method of claim 6, further comprising the step of
dispensing a slurry- comprising ferric nitrate on the polishing

rad.

8. The method of claim 1, wherein the layer of material 1is

further characterized as a silicon oxide layer.

9. The method of claim 8, further comprising the step of
dispensing a slurry . comprising potassium hydroxide on the

polishing pad.

10. The methed of claim 1, wherein the tapered region is

further characterized as having a constant angle taper.

il. The method claim 1, wherein the tapered region is further

characterized as having a variable angle taper.




. met hod of claim®6, further conprising the step of dispensi aJ 2005 -
ZI urTP; conprising ferric nitrate on the polishing pad. 8. _Thedmetrﬁ@d 6N 2%‘ :
claim1, wherein the |ayer of material is further characterize asha o
silicon oxide layer. 9. The method of claim8, further conprisi ngl_t ﬁ' step
‘of dispensing a slurry conprising potﬁsm um hydroxi de on the ]PO |”s] i ng
pad. 10. The nethod of claim1l, wherei4tthe tapered regi on is :.II’. er1
characteri zed as having a constant angle taper. 11. The nethod claiml1,

i i j : . i.zed. as having a variabl e
wherein the.tapenednb@gEon FerdiUht REr s characterized. e v bl
angl e taper, 2 5 JAN '2005 12. lAE':Ime\t hod F%Ira St EPECBtT FOMRLAGRANtR? ovi di ng

1 G&RBrotH : ion; - integrated circuit conprising the
a seni conductor .an-edge region; -22 integ . _
substrate havi pgoeident ar saitonahBtHY Snkavel. oL fRLerial, substrate;

"an edge region;
forming a layer of material overlying the semiconductor
substrate; 7
providing a polishing pad having a central regién, a
' 'perimeter, and a peripheral region lying betﬁeen
the perimeter and the central region; the central
region having a first front surface and the
Pperipheral region having a second front surface,
wherein the second front surface lies below the first
front surface and wherein the peripheral region
comprises a tapered region; and
polishing the layer of material, wherein during polishing
only the edge region of the semiconductor substrate

is allowed to overlie the second front surface.

‘13, The method of claim 12, further comprising the step of
moving the -substrate radially across the polishing pad while

polishing the layer of material.

iq, The method of claim 12, wherein the layer of material is

further characterized as a copper layer.

i15. The method of claim 12, wherein the layer of material is

further characterized as a tungsten layer.

16, The method of claim 12, wherein the layer of material is

further characterized as a silicon oxide layer.




overlying the sem conductor providing a polishing pad having a centz'glE . :
region, a perineter, and a peripheral region |ying between the per4 tJéN 2005 ;
and the central region; the central region having a first front surface
and the .peripheral region having a second front surface, wherein the
'second front surface lies belowthe first front. surface and wherein the
peri pheral region conprises a taper edzl?’egi on; and polishing the |ayer of
materi al, wherein during polishing only the edge region of the

sem conductor sthst natgeq | §eal d overlie the second front surface.
13. The method . of claim 12, fuérlt%\r%%r %:%rrp?flggf‘?fdl t hR® sPepiBkeratpy Feglathe
substrate Fadrarfy eresizenalpseustnng pad while polishing the Iayer of
material. 14. The nethod of claim 12, wherein the |layer of material is
further characterized as a copper layer. 15. The nethod of claim 12,
‘wher ei n thleB]_I ayer of material is further characterized as a tungsten

| ayer. 16.15Fhe Tet hndtiodd cbai ra1kdm Wer e, I r of .npterial is
further chagpcterized as a silicon oxide Fea{/%% §1¥§ PRAIP3@! region

antially vertical sidewall.

19, The method of claim 12, wherein the peripheral region

comprises a grooved region.

20. The method of claim 12, further comprising the step of

providing a polishing platen having a tapered region, wherein the

-perlpheral region of the polishing pad conforms to the tapered
region of the polishing platen. |




-23 17. The nethod of claim 12, wherein the peripheral region conpy Sf"i a.f'
hori zontal region. 18. The nethod of claim 12, wherein the peripherta N 065
region conprises a substantially vertical sidewall. 19. The method of

claim 12, wherein the peripheral region conprises a grooved region. 20.

The nethod of claim 12, further conprising the step of providing a

pol i shing platen having a tapered regi-8f, wherein the peripheral region of

t he polishing pad conforms to the tapered region of. the polishing platen.

2 5 JAN ' 2005 -R4ndhogA et or formng an integrated circuit conprising
the steps of: providing a gg?nm{:%ﬁjnctlonrtegﬁﬂg‘f%t%l?%:é\}fcng’oﬁpéb?ﬁf’éfr thgnd an
edge regi o EFPoPhi ng a layer of material overlying the sem conductor

substrate; providi NngpacPR:inghi NG ing a.central region, a perineter
and a peri pheral reglpon Iylin%g bet \Ae%gﬁgg%[ﬁ’elgpsgw’ ee?‘aé{ﬁﬂ th&e®&Rtral region
the central region havi fg“a2pi ¢dte f reatorsur f ace and

forming a layer of material overlying the
semiconductor substrate;

providing a polishing pad having a central region, a
perimeter and a peripheral region lying .between
the perimeter and the central region;_ the
central region having a first front surface and
the peripheral region having a second front
surface,wherein a portion of the second front
surface lies below the first front surface and
wherein the peripheral region comprises a
tapered region; and

pelishing the layer of material, wherein during
polishing only the edge region of the
semiconductor substrate is allowed to overlie

the portion of the second front surface.

.22. A method of claim 21, further comprising the step of moving

- the sgbstrate radially across the polishing'pad while polishing
the layer of material. ' |

23. * The method of claim 21, wherein the layer of material is

further characterized as a copper layer,

24, The method of claim 21, wherein the layer of material is

further characterized as a tungsten layer,

25. The method of claim 21, wherein the layer of material is

further characterized as a silicon oxide layer,




t he peripheral region having a second front surface, wherein a portLo f.

the second front surface lies belowthe first front surface and dhgrgAﬁ 2005

t he peripheral region conprises. a tapered region; and polishing the |ayer

of material, wherein during polishing only the edge region of the

sem conductor substrate is allowed to overlie the portion of the second

front surface. 22. A nethod of claim 223 further conprising the step of

noving the substrate radially across the polishing pad while polishing

the layer of material. 23. The nethod of claim 21, wherein the | ayer of

material is further characterized as a copper layer. 24. The nethod of

claim 21, wherein the layer of material is further characterized as a

tungsten layer .;meb t hod. of_.clajm 21, wherein the |ayer of material

is further ché?%%?ggggﬁgﬁégg%ygi]chheﬁi?ﬂéhFdVEFPthﬁlJﬁNﬁUQOOS -25 26.

The met hod™HPeFes m herivwreradi meghen.peri pheral region conprises a

hori zontal region. 27. The nethod of claim 21, wherein the peripheral

regi on '
27, The method of claim 21, wherein the peripheral region

comprises a grooved region,

28. The method of claim 27, wherein the grooved region is

further characterized as being U-shaped.

29. The method of claim 27, wherein the grooved regicn is

further characterized as being V-~shaped.



conprises a grooved region, 28. The nethod of claim 27, wherein th%bgrgg ed i
region is further characterized as being U shaped. 29. The net hod & i 2805 -
27, wherein the grooved region is further characterized as bei ng V-shaped.
-26- 30. -A Polishing apparatus conprising: a polishing platen; a polishing
pad overlying the polishing platen, the polishing pad having a central
region and a peripheral region, the ceRéral region having a first front
surface and the peripheral region having a second front surface, wherein
-at least a portion of the .second front surface lies below the first front
surface_ang wherein the peripheral regi-on conprises a tapered region; and
a carrier er I §ifvgiehtnp@ppshites madprBdingthe apparatus of cl ai m 30,
wherein the polishing platen is further characterized as having a tapered
regi on, aqg erein the peripheral region of the polishing pad overlies
‘the taper et PY a5 o PIstenhe apparatus of clai m21, wherein the peripheral

region conprildesiny hasi 6%&1%115991&@'bol%gfhirngh‘lf;lQQQr?,r hus OIiES'liaﬁlgmpa%c} ’
wherei n-the peripher al region, —conprises ag ooved regi Bh:

g centra region and a peripheral region, the céntral
reglon having a first front surface and the peripheral region
having a second front surface, wherein at least a portion of the
-second front surface 1ljes below the first front surface and
wherein the peripheral region comprises a tapered region; and

a carrier overlying the polishing pad.

31. The apparatus of claim 30, wherein the polishing platen is
further characterized as having a tapered region, and wherein the

peripheral region of the pelishing pad overlies the tapered
‘region, |

32. The apparatus of claim 21, wherein the periphéral region

comprises a horizontal region.

33. The apparatus of claim 21, wherein the peripheral region,

comprises a grooved region:

34, The apparatus of claim 33, wherein the grooved region is

further characterized as being U-shaped.

35, The apparatus of claim 33, wherein the grooved regidn is

further characterized as being V -shaped.




34. The apparatus of claim 33, wherein the grooved region is .furwgr
characterized as being U shaped. 35. The apparatus of claim 33r whet ilJANhaﬂﬂﬁ R
grooved region is further characterized as being V -shaped. 2 5 JAN 2005 '
-27- 36. A nmethod for formng an integrated circuit conprising the steps

of ; providing a sem conductor substrate having a perineter; formng a

| ayer of material overlying the sem co@uctor substrate, wherein the |ayer

of material is further characterized as a copper layer; providing a

pol i shi ng d havin center and a perineter, the polishing pad having a

t aper ed regfebn tgh%?gm)a(dt éc%&s iy het prisoareted ofrthie poipshing pagk to a

sel ected | ®¢snd ofi:of fset fromthe center of the polishing pad; dispensing

a slurry dhe .pokishi.ng pad; and polishing the |ayer of material,
wher ei n %$| ng l8§| i s%?“rjfﬁg?ﬁ%c er iSHB%)@fat@f haHEng enineofuettor fouhsty at e

overlies tHRYtrapdr sdtesyilomvellyhey pold skhngonadhor sa,s6l.86t e%mp&rni od of
MOV ng

time. 37. dhe nrthod: im36,. further conprising the step o |
the substrate ,Egdi al | 35 aéglfg%isn Jt%efuﬁgf‘?%rﬁhﬁgaﬁ grifed es potdpskicntpidre | ayer

of materi dT°38NThe Retirddrof redabavaty ahes@idt the ROIJeshiOg.Pad has a
polishing pad having a tapered region that extends from the
perimeter of the polishing pad to a selected location offset
from the center Qf the polishing pad; dispensing a slurry on the
polishing pad; and pelishing the layer of material, wherein
during polishing the perimeter of the semiconductor substrate

overlies the tapered region of the polishing pad for a selected
period of time.

37. The method of c¢claim 36, further comprising the step of
moving the substrate radially across the polishing pad while

polishing the layer of material.

38, The method of claim 3%, wherein the polishing pad has a
first thickness at the selected location and a second  thickness

at the perimeter, and wherein the second thickness is less than
the first thickness.

39. The method of claim 36, wherein the slurry comprises
hydrqgen peroxide.

{
40, The method of claim 36, wherein the layer of material is

. further characterized as =a tungsten layer.



first thickness at the selected | ocation and a second thickness at Ehe » :
perineter, and wherein the second thickness is |less than the first2d JAN 2005 ¢
t hi ckness. 39.-The nethod of claim 36, wherein the slurry conprises

hydr ogen peroxi de. 40. The method of claim 36, wherein the |ayer of
material is further characterized as a tungsten layer. 2 5 JAN ' 2005 -28
41. The nethod of claim40, further co@prising the step of dispensing a
slurry conprising ferric nitrate on the polishing pad. 42. The method of
claim 36, wherein the layer of material is further characterized as a
silicon oxége | ayer. 43. The nethod of claim42, further conprising the
step of dfSpenBisgmetisldurssy eDaPKi 80 N0 rPOEASSI de oxi on.the

pol i shi ng iE§$en%§ngTQes utlhod of ¢laim 36, Mherg$%ﬂ%%é8§a%§Fe§FF8gfgh is
further. characterfzed a havi WFA1E0N%t Sptrignglidratpern 45e Théistetdod of

claim 36, Ritferein the tapered region is further characterized as having a
vari able angle taper. 46. A nethod for formng an integrated circuit

conpriglukghe steps of:
‘ - The method of claim 36, wherein the layer of material is

further characterized as a silicon oxide layer.

43, The metho? of claim 42, further comprising the step of

dispensing a slurry comprising potassium hydroxide on the
-polishing pad.

44 . The method of claim 36, wherein the tapered region is

further. characterized a having a constant angle taper.

45. The method of claim 36, wherein the tapered region is
further characterized as having a variable angle taper.

46. A method for forming an integrated circuit comprising the

steps of:

providing a semiconductor substrate having a center and an edge
region; forming a layer of material overlying the semiconductor
substrate, wherein the layer of material is further characterized
as a copper layer; providing a polishinglpad having a central
region, a perimeter, and a peripheral region lying between the
perimeter and the central region; the cehtral region having a
ﬁirst front surface and the peripheral region having a second
front surface, wherein the second front surface lies below the
first front surface; and polishing the layer of material, wherein
during polishing only the edge region of the semiconductor

substrate is allowed to overlie the second front surface.

47 . The method of _claim 46, further comprising the step of

moving the substrate radially across the. polishing pad while
polishing the layer of material.



provi ding a sem conductor substrate having a center and an edge rigkﬁg; . 3
formng a |layer of"material overlying the sem conductor substrate,f ANiNMS :
the layer of material is further characterized as a copper |ayer;

providing a polishing pad having a central region, a perineter, and a

peri pheral region |lying between the perineter and the central region; the-
central region having a .first front 28rface and the peripheral region
having a second front surface, wherein the second front- surface |ies bel ow
the firstagrontnsugd ; o@N | i ghing the |ayer of material, wherein
during poI%shin& onlggﬁﬁeogdgéggﬁgggh g?eﬁﬁﬁ? i CBHETECceBr matemistly ditse | S

al | oned t o BV 8hdfpctestentl ar entwsisthacayet?. The nethod of clai m 46,
further conprising the step of noving the substrate radially across the

pol i shi ng Q@d ile olishing the layer of material. 2 5 JAN 2005 -29 48.
The net hod of . ct'8i M489 iferdfimtdfe Whgesirofthanterdabrisatdiikt hes

‘char act er i zetthas ehdnygstered %)éeg.sﬁgmo};hg}é{@é hod of claim 46, wherein the

| ayer of material is further characterized as 8Yst1i con oxi de | ayer. 50.

The net hod of claim 46, wherein the peripheral region conprises a.
hor i zont al>%-egi B mbthodhe eR&NOG6)f webalM 46 WMALRLD, {he peripheral

regi on comprises a horizontal region.

51, The method of claim 46, wherein the peripheral region

comprises a substantially vertical sidewall.

52. The method of claim 46, wherein the peripheral region

comprises'a grooved region.

53. The method of claim 46, further comprising the step of
pProviding a polishing platen having a tapered region, wherein
ﬁhe peripheral region of the polishing pad conforms to the
tapered region of the polishing platen.

54, & method for forming an integrated circuit comprising the

steps of: providing a semiconductor substrate having a center




conprises a substantially vertical sidewall. 52. The nethod of clainbga, _
wherein the peripheral region conprises .a grooved region. 53. Thd AN42005
of claim 46, further conprising the step of providing a polishing platen
having a tapered region, wherein the peripheral region of the polishing
pad confornms to the tapered region of the polishing platen. 54. A nethod
for forming an integrated circuit conpBfsing the steps of: providing a
sem conductor substrate having a center 2 5 JAN ' 2005 -30 and an edge
region; formng a |ayer of material overlying the sem conductor substrate,
wherein the | ayer of material is further characterized as a copper |ayer;
provi di ng %W%é?ﬁ§ﬁg%gx@B85FH&vﬁﬁggaaCEﬂ@rabfn&gb@nalan@@uyﬁggqme and a
peripheraJsatmghaﬂctﬁi@ﬂb?@&%ﬁ@nwﬁgﬁﬁgp%hgeier g the central region; the

e

an !
central regign having a first front surface and the“p&iphetal region
&)

n
havi ng a s-ec%ﬁ‘&rf Fofitacdgrt % aswher@inert heyepemirphidialy megh DILHIORPT i Ses a
tapered r agidmavand ahehekal aoqBOh! IORStuLhe, seaand Jront surface 1ies
bel ow t he E44¥gﬁ ront surface; and polishing'the Iaﬁ%r 5 erial,
wherein durihg. potTSRSTEEThIN et Rervpferr end dieotentinls ert tanduteor
substrat e ¢ergralll oweibnt daoues la €itde ROLEI 8- Qfct NEg SgeONd front surface.

peripheral region having a second front surface, wherein the

peripheral region comprises a tapered region, and wherein a

portion of the second front surface lies below the first front
-surface; and polishing the layer of material, wherein during
polishing only the edge region of the semiconductor substrate

is allowed to overlie the portion of the second front surface.

55. The method of claim 54, further comprising the step of

moving the substrate radially across the polishing pad while

polishing the layer of material.

- 56, The method of claim 54, wherein the layer of material is

further characterized as a tungsten laver.

57. The method of claim 54, wherein the layer of material is

‘further characterized as a silicon oxide layer.




55. The nethod of claimb54, further conprising the step of noving tge - :
substrate radially across the polishing pad while polishing the Ié& r JAN 2005 ;
material. 56. The nethod of claimb54, wherein the |layer of material is
further characterized as a tungsten layer. 57. The nethod of claim 54,
wherein the |ayer of material is fur[@ir characterized as a silicon oxide
Fayer. { 2 5 JAN AoS 58. The nethod of “¢l ai m 54, wherein the peripheral
region conprises a horizontal region. 59. The nmethod of claim54, wherein
-the peripheral region conprises a grooved region. 60. The nethod of claim
59, wherein the gro oved region is further characterized as being
U-shaped. 61. The nmethod of claim59, wherein the grooved region is
further chift-act®rd redhed dfeicngiV-5hapgérein the peripheral region

comprises a horizontal region.

99." The method of claim 54, wherein the peripheral region

comprises a grooved region.

- 60. The method of claim 59, wherein the grobved region is

further characterized as being U-shaped.

6l. The method of claim 59, wherein the grooved region is

further characterized as being V~shaped.




