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CHEMICAL/MECHANICAL PLANARIZATION (CMP) APPARATUS
AND POLISH METHOD ' '

BACKGROUND OF THE INVENTION
(1) FIELD OF THE INVENTION
This invention relates to an apparatus and method for
chemical/mechanical planarization (CMP) of a semiconductor
wafer. More specifically, the invention is directed to an
apparatus and method which increases the polish femoval rate.

and the uniformity of the planarization process.

(2) DESCRIPTION OF RELATED ART

In the fabrication of semiconductor components, metal
conductor lines are used to interconnect the many components
in device circuits. As wiring densities in semiconductor
circuit chips increase, multiple wiring levels are required
to achieve interconnection of the devices, and planarization
of the interlevel dielectric becomes a critical step ih the
fabrication process. The technology requires that the device
interconnection lines be formed over a §ubstrate containing
device circuitry. These interconnection lines are typically
metal or a conductor and serve to electrically interconhect
the discrefe circuit devices. These metal connecting lines
are further insulated from the.next interconnection level by
thin layers of insulating material formed by, for example,

chemical vapor deposition (CVD) of oxide. In order to
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.apparatus and nmet hod whi ch |ncreases the O|ISh reanaI rate and the

uniformty of the planarizati on Trisfhes ean>ce (2) DESCRI PTI ON
OF RELATED ART In the fabrl “Monductor corrponents nmet al
conduct or Ilnes are used to |nter y conponents in device
circuits. q den5|t|es I n sen1con uctor «circuit chips increase,
mul tiple MArlng evéis are required to.@ch) eve iinterconnection of the

devi ces, and planarization of the I ntéertevet—di€l ectric becones a critical
step in the fabrication process. The technology requires that the device

| nt er conneqGlgrddiet O Sid U 1Bl AWETo £ FHPRIFSIE ¢OPIRENL8Ge196VhESes
circuitry. These interconnection lines are typically
are’ formed in the insulating layers to provide electrical
access therebetween. In such wiring processes, it is
desirable that the insulating layers have a smooth topography
and that the thickness of the polished insulating layer be

uniform across the semiconductor substrate.

Recently chemical/mechanical polishing (CMP) has been
developed for providing smooth insulator topographies.
Briefly, the process involves holding and rotating a thin,
flat wafer of the semiconductor material'against a wetted
polishing surface under controlled chemical, pressd:e, and
temperature conditions. Fig. 1 shows a conventional CMP
'apparatus, 10, having a rotatable polishing platen, 11, and a
polishing pad, 12, mounted to the polishing platen, 11;-a
rotatable wafer carrier, 13, adapted so that a force
indicated- by arrow, 14, is exerted on semiconductor wafer,
15; a chemical slurry supply system comprising a temperature
controiled reservoir, 16, and conduit, 17, which dispenses
the slurry onto the polishing pad, 12. A chemical'slurry
containing a polishing agent, such as alumina or silica, is
.used as the abrasive material. Additionally, the chemlcal
slurry contains selected chemicals which etch various
surfaces of the wafer during processing. The combination of
mechanical and chemical removal of material during polishing

results in superior planarization of the polished surface.
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In this prbcess it is iﬁportant to remove a sufficient amount
of material to provide a smooth surface, without removing an
excessive amount of underlying materials. Thus, it is
important that the polish removal rate across the wafer be
uniform; i.e. the polish removal rate near the edge of the
wafer is the same as the polish removal rate near the center

of the wafer.

Parameters which affect the polish removal :éte are
downward pressure on the wéfer, rotational speeds of the
polishing platen and wafer carrier, slurry particle density
and size, slurry compqsition and temperature, and polishing
pad composition. Adjustment of these parameters permits
control of the polishing and planarization processes;
however, the problem of non-uniform polish removal rate
continues to plague conventional CMP processes because, in
general, removal rates tend to be higher at the wafer edge
than at the wafer center because wafer rotation causes the
wafer edge region to move at a higher linear speed than the

wafer central region.

Improvements in CMP processes to control uniformity have
been invented, as shown in the following patents. U.S. Pat.
No. 5,234,867 entitled "Method For Planarizing Semiconductor
Wafers With A Non-Circular Polishing Pad" granted Aug. 10,

1993 to Laurence D. Schultz et al describes a polishing



access therebetween. In such wiring mmﬁg@eeﬂmepia&d_ desirable that the

i nsulating | ayers have a snooth topogl @B the thickness of the
polished insulating | ayer be unifor Wlﬂuwmﬂimﬁb conductor substrate.
Recent |y chem cal / mechani cal polishin n devel oped for
provi di ng snoot h i nsul ator topographies. Briefly, the process involves

hol di ng an%gggggtb g athin, flat wafergof the sem.conductor materia
agai nst a - 3 | i shing surface under controlled chem cal, pressure,

and tenperature conditions. Fig. 1 shows a conventional CMP ‘apparatus.,
10, having a rotatable polishing platen, 11, and a polishing pad, 12,

mount ed tOmEEﬁoBObh§QEB9 % %t%%if%%hf%y of removal rate across a
substrate is improved by controlling the time duration in
which the polishing pad is in contact with the outer regions
of the substrate. U.S. Pat. No. 5,240,552 en;itled "Chemical
Mechanical Planarization (CMP) Of A Semiconductér Wafer Using
Acoustical Waves For In-situ End Point Detection" granted
Aug. 31, 1993 to Chris C. Yu et al directs acoustical waves

~at the wafer during CMP and through analysis of the reflected_

waveiorm controls the planarization process to improve the

uniformity of the process.

The present invention is directed to a novel method and
apparatus for controlling the polish removal rate and
uniformity of polish removal rate across a semiconductor

wafer during chemical/mechanical planarization. {(CMP).

SUMMARY OF THE INVENTION
Cne object of the present invention is fo provide an
improved and new apparatus and process for chemical/-
mechanical_planarization (CMP) of a semiconductor wafer
surface, wherein the polish removal fate is controlled
through the application of an electric field between the

semiconductor wafer carrier and the polishing pad.

Another object of the present invention is to provide a

new and improved apparatus and process for chemical/-



rotatable vafer carrier, 13, adapted g ShatiapkaRgaced ndi cated by arrow,

14, is exerted on sen1conductor waf er, |- slurry supply system
conpr|5|ng a tenperature controlled r nd conduit, 17, which
di spenses the slurry onto the polishi hen1ca| slurry
contai ning a polishing agent, such.as al um na or S|I|ca S . used as the
abr asi ve MoM&952064Additionally, the chénical slurry contalns sel ected
chem cal s which etch various surfaces of the wafer during processing. The
conbi nati on of mechanical and chem cal renoval of material during
polishing results in superior planarization of the polished surface.

mechanical planarization (CMP) of a semlconducto* wafer

surface, wherein application of an electric field between

selected regions of the semiconductor wafer carrier and

polishing pad affects the polish removal rates in a manner

which improves the uniformity of material removal across the

entire semiconductor wafer surface.

A further object of the present invention is to provide
a new and improved apparatus and process for chemical/-
mechanical planarization (CMP) of a semiconductor wafer
surface, wherein the uniformity of polish removal rate is
cohtrolled through the application of bi-directional electric
fields between the semiconductor wafer carrier and the

polishing pad.

The povel.features of the polishing apparatus in
accordanéé with the invention comprise, applying an electric
field between the wafer carrier and polishing platen as a
means of controlling the concentration of the polisﬁing
slurry across the surface of the semiconductor wafer being
polished and thereby increasing the polish removal rate amd
improving the uniformity of polish removal rate across the
semiconductor wafer surface. In an illustrative embodiment,
‘apparatus for carrying out the method of the inventioﬁ
comprises: a rotatable polishing platen for chemically/-

mechanically planarizing (CMP) a surface of a semiconductor



- 3- .In this process it i s I nportant tfis 6RRIDYE BanRepiidegi €nt anount  of

mat eri al o provide a snooth surface, wt [ an. excessive anount
of underlying materials. Thus, it is inp i'nﬂm e polish renoval
rate across the wafer be wuniform i.e. t ( val rate near the

edge of the wafer is. the sane as the polish renoval rate near the center
of the waf &ISMC95-064 Paraneters whi ch-afef ect the polish renoval rate are

wafer; a reservoir for a polishing slurry and a means to
Qispense the slurry onto the-poiishing pad; an electrode
embedded in the fotatable platen; a rotﬁtable wafer carrier
and means for holding the surface of the semiconductor wafer
in juxtaposition relative to the rotating polishing pad with
an applied pressure between the wafer carrier and thé
polishing péd; at least one electrode embedded in the
rotatable wafer carrier; and a means to apply an electric
field between the electrode embedded in the polisﬁing platen

and the electrode embedded in the wafer carrier.

BRIEF DESCRIPTION OF THE DRAWINGS
The object and other advantages of this invention are
best described in the preferred embodiments with reference to

the attached drawings that include:

Fig. 1, which schematically, in cross-sectional
representation, illustrates a conventional chemical/-

mechanical polishing (CMP) apparatus.

Figs. 2A and 2B, which schematically, in cross-sectional
representation, illustrate an embodiment of the invention, in
which a mono-directional electric field is imposed between

the wafer carrier and polishing pad.

Fig. 3, which schematically, in cross-sectional



downward pressure on the wafer, rot&hisSinaiHas Bemdsplakdt he polishing platen

and_mafeg carrier, slurry particle de ' e, slurry conposition.
and tenperature, and polishing pad ¢ A8l ust nent- of these -
1d” pla

paranmeters permts control of the pollshing narizati on processes;
however, the -problem of non-uniformpolish removal rate continues to

pl ague conyggbbgngg4CNP processes because,~-in general, renoval rates tend
to be higher at the wafer edge than at the wafer center because wafer
rotation causes the wafer edge region to nove at a higher |inear speed
than the wafer central region. | mprovenents in CVP processes to

control unpfRrEELY+08YEn, illustrates another embodiment of the
invention, in which bi-directional electric fields are

imposed between the wafer carrier and polishing pad.

Figs. 4 - 5, which schematically, in cross-sectional
representation, illustrate planarization of the surface of a

semiconductor circuit by chemical/mechanical polishing.

DESCRiPTION OF THE PREFERRED EMBODIMENTS

The new and improved CMP apparatus and method of
planarizing the surface of a semiconductor substrate, using
chemical/mechanical polishing (CMP)}, which results in
improved uniformity of removal rate across the substrate,
will now be described in detail. The apparatus and method
can be used for planarizing insulator surfaces, such as
silicon oxide or silicon nitride, deposited by chemical vapor
deposition or other means, over semiconductor devices and/or
conductor interconnection wiring patterns. Only the specific
areas unique to understanding this invention will be

described in detail.

In usual practice of chemical/mechanical polishing
(CMP), the abrasive material in the slurry is silica or
alumina. It is known that colloidal silica, as dispersed in
the polishing slurry has optimum stability at an alkaline pH,

between about ph = 8 and pH = 11, because a negative charge



been invented, as shown in the follown
entitled ! Method For Planarizing Sem
Pollshlng Pad" granted Aug. 10, 1993 Schultz et al

descri bes a polishing he uniformty of
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is then formed on the surface of the colloidal silica
particles. See, for example, U.S. Pat. No. 5,078,801
entitled "Post-Polish Cleaning Of Oxidized Substrates By
Reverse Colloidation" granted Jan. 7, 1992. The negative
surface charges on the colloids of silica create
electrostatic repulsion between the particles, prevent
agglomeration, and stabilize the colloid.

In the pfésent invention a positive electrical
potential, 24, is imposed between the electrode, 22 or 23,
embedded in the wafer carrier, 13, and the grounded
electrode, 25, embedded in the polishing platen, 11, as shown
in Figs. 2A and'ZB. The presence of the electric potential,
24, causes an electric field between the wafer carrier, 13,
and the polishing platen, 11, and a build-up of positive (+)
charge, 20, on the insulator surface of the semiconductor
wafer, 15.. This positive charge, 20, attracts negatively
chargéd collodial silica, 21, and thereby increases the
slurry concentration between the semiconductor wafer, 15, and
the polishing pad, 12, re ulting in an increased polish
removal rate as a result of the appiied electrical potential,
24. In Fig. 2A, where the electrode, 22, embedded in the
wafer carrier has a diameter substantially the same as the
diameter of the semiconductor wafer, 15, the electrical
potential, 24, causes a substantially uniform field across

the wafer and results in an increased polish removal rate



whi ch the polishing pad is in contacthisWhtddHisRedREgpREedr €0i ons  of the

Substrate. U S. Pat. No. 5,240,552 e ' al  Mechani cal :
Pl adari zation (CVP) OF A Sem conduct ormwmﬂ“mﬁgercoust i cal Waves For
In-situ End Point Detection"” granted , , to Chris C. Yu et a
directs acoustical waves at the wafer during CMP and through anal ysis of
the refl ect RBHMCAH-884r m controls the pl gnarization process to inprove the
uniformty of the process. - The present invention is directed to a
novel nethod and apparatus for controlling the polish renoval rate and
uniformty of polish renoval rate across a sem conductor wafer during

cheni cal / ne@en@issalthgl entite awafer (CM?) .Fig. 2B, by limiting the
diameter of the'carrier electrode, 23, the electric field is
applied only across the central area of the wafer, thereby
inc;easing the slurry concentratiorn in the central region of
the wafer and results in an increased polish removal rate in
this central region. The result is an improved uniformity of
removal rate across ﬁhe entire wafer,.because the eléctric
field increases the polish removal rate in the central region
and compensates for the usually reduced polish removal rate

in the central region.

In a second embodiment of the present invention,
bi-directional electric fields are imposed between the wafer
carrier, 13, and the polishing pad, 12, as shown in Fig. 3.
At least two concentric electrodes, one central circular
electrode, 27, having a diameter which is a fractior of the
diameter'of the semiconductor wafer, 15, and at least one
additional electrode, 28, having an annular shape with an
outer diameter substantially the same as the diameter of the
semiconductor wafer and an inner diameter greater than the

- diameter of electrode, 27, are embedded in the wafer carrier,
13. FElectrical potential, 29, establishes bi~directional
electric fields so that a build-up of negative (-) charge,-
26, occurs on the insulator surface neér the outer edge of
the semiconductor wafer, 15, and a build-up of positive (+)

charge, 20, occurs on the insulator surface near the center



SUMVARY OF THE | NVENTI ON One obj edpisSheetHas B dinvention is to
provhde an inproved and new appar at us anH H H chem cal / -
mechani cal pl anarization (CVMP) of a semc il surface, wherein
the polish renoval rate is controlled: through the application of an
electric field between the sem conductor wafer carrier and the polishing
pad. TSMG T@§4object of the prgs?ﬁt_invention IS to provide a new
and i nproved apparatus and process for chem cal/-
of the semiconductor wafer, 15. The negative charge, 26,
repels negatively charged collodial silica, 21, and causes a
reduction of slurry concentration between the semiconductor
wafer, 15, and the polishing pad, 12, near the outer edge of
the wafer and results in decreased polish removal rate in
this region. The positive charge, 20, attracts negatively
charged collodial silica, 21, and thereby increases the
slurry concentration between the semiconductor wafer, 15, and
the polishing pad, 12, near the center of the wafer and
results in increased polish removal rate in this central
region. This embodiment allows tailoring of the polish
removal rate as a function of field region and results in

improved uniformity of polish removal rate across the entire

semiconductor wafer.

Figs. 4 and 5, schematically in cross-sectional
representation, show the chemical/mechanical planarization
(CMP) of a semiconductor wafer containing a metallized MOSFET
device onto which has been deposited an overlayer of silicon
oxide. A typical NFET, (N-type Field Effect Transistor)
device, as shown in Fig. 4, consists of a semiconductor
wafer, 15, composed of P-type, single crystal silicon with a
<100> orientation; a thick field oxide region, 30, (FOX); a
polysilicon gate, 31; gate oxide, 32; source and drain
regions, 33; sidewall spacers, 34; LPCVD deposited layers of

silicon oxide, 35, and silicon nitride, 36; interlevel



seni conduct or wafer carrier and ffects t he polish renova
rates in a manner which inproves of material renpbval across
the entire sem conductor wafer surface. - A further object of the
present inv l.QR s to provide a new_apg Lnproved apparatus and process
for chem’ca&ghcgJ 084

mechani cal planarization (CW) of .a_se cfor mafer surface wherein
application of an electric field mﬁﬁa‘ﬁ dd regi ons of the

connecting plug, 37; conducting interconnection pattern, 38;
and LPCVD deposited overlayer of silicon oxide, 39.
Deposition of the LPCVD layer of silicon oxide, 39, is
substantially conformal to the underlying topography and
results in a rough su;face topography, 40. Planarization of
the surface topography, 40, shown in Fig. 4, is performed
using the new and improved apparatus of this invention for
chemical/mechanical planarization (CMP), and resu}ts in a

substantially planar oxide surface, 41, as shown in Fig. 5.

The new and improved method of CMP planarization
utili;ing the new and improved CMP apparatus illustrated in
an embodiment, shown in Fig. 2A, will now be described in
detail. Referring to Fig. 1, a pglishing slurry consisting
of silica and H20, contained in reservoir, 16, is controlled
in the temperature range between about 20 to 30°C, and is
dispensed through conduit, 17, so as to saturate polishing
pad, 12. Now referring to Fig. 2A, which illustrates an
embodiment of the new and improved CMP apparatus, the
semiconductor wafgr, 15, is placed onto the wafer carrier,
13, with the silicon oxide layef-face down against the
polishing pad, 12. A positive potential, 24, between about 1
to 10 volts is applied between the electrode, 22, embedded in
‘the wafer carrier, 13, and the electrode, 25, embedded in the
pPolishing platen, 11._ The polishing platen is rotated at a

- Speed between about 10 to 70 rpm and the wafer carrier is



mechani cal pl anari zation (CWP) of ,s%niﬁg du rewafer surface, wherein
the uniformty of polish renoval r e ] ed through the
application of bi-directional elect Hl'll | ween the sem conduct or

waf er carrier and the polishing pa novel features of the
pol i shing apparatus in accordance with the invention conprise, applying an
el ectric fraMcobhaegeen the wafer carrigp and polishing platen as a neans
of controlling the concentration of the polishing slurry across the
surface of the sem conductor wafer being polished and thereby increasing
the polish renoval rate anmd inproving the uniformty of polish renova

rate acrossrateted at a speed between about 25 to 90 rpm. A pressure of

between about 2 to 12 psi is applied between the wafer
carrier, 13, and the polishing‘pad, 12. Polishing proceeds

until the desired surface smoothness is achieved.

A new and improved method of CMP planarization mavy also
be carried out through the use of the new and improved CMP
apparatus illustrated in the embodiment, shown in_Eig. 3.
First, referring to Fig. 1, a polishing slurry c&Hsisting of
silica and H20, contained in reservoir, 16,'is controlled in
the temperature range bewteen about 20 to 30°C, and is
dispensed through conduit, 17, so as to saturate polishing
pad, 12. Now referring to Fig. 3, the semiconductor wafer,
15, is placed onto the wafer carrier, 13, with the silicon
oxide layer féce down against the éolishing pad, 12. A
positive potential, 29, between about 1 to 10 volts is
applied between the central circular electrode, 29, and the
annular electrode, 28. The polishing platen is rotated at a
speed between about 10 to 70 rom and the wafer carrier is
rotated at a speed between about 25 to 90 rpm. A pressure of
between about 2 to 12 psi is applied between the wafer
carrier, 13, and the polishing pad, 12. Polishing proceeds

until the desired surface smoothness is achieved.

While the invention has been particularly shown and

described with reference to the preferred embodiments



sem conductor wafer surface. In an |Ilustrat|ve eandlnent apparatus for
carrying out the nmethod of the inventTiyShes Hagter ‘“amﬂsyotatable pol i shi ng
platen for chem cally/- nechanically - j a surface of a

sem conduct or : , - waf er; a
reservoir %%Cg p&é%shing slurry and a means to dispernse the slurry onto
the polish gd n el ectrode enbeddeq3in the rotatable platen; a

rot atabl e wafer carrier

thereof, it will be understood by those skilled in the art
that various changes in form and details may be made without

departing from the spirit and scope of the invention.

What is claimed is:
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best described in the preferred enbodlﬁeﬁts “wi th Fef%rence
the attached draw ngs that include:

1. An apparatus for nlanarlzlng semlconductor
wafers comprising:

a rotatable platen and polishing pad for chemical/-
mechanical polishing (CMP) a surface of a semiconductor
wafer;

a reservoir for a polishing slurry and means to
dispense the slurry onto the polishing pa¢;

an electrode embedded in said rotatable platen;

a rotatable wafer carrier and means for holding the
surface of the semiconductor wafer in juxtaposition
relative to said rotating polishing pad with an applied
pressure between the wafer carrier and the polishing
pagd;

at least one electrode embedded in said rotatable
wafer carrier; and

a means to apply an electric field between said
electrode embedded in said rotatable platen and said

electrode embedded in said rotatable wafer carrier.
2. The apparatus of claih 1, wherein said
polishing slurry comprises silica and H20 at a pH

between about pH = 10 to pH = 11.

3. The apparatus of claim 1, wherein said

- rotatable platen is rotated at a speed between about

10 to 70 rpm.



Fig. 1, which schematically, in crosgg esentatlon
|IIustrates a conventi onal cherncal?ﬁﬁl§E(étt ““ |sh|ng (CNP)

appar at us. Figs. 2A and 2B, aHIy, I n cross-sectiona
representation, illustrate an enbodl ention, in which a
nono-directional electric field is inposed. betmeen t he mafer carrier and

pol i shing gsMcC95-064 Fig. 3, which schgnatlcalLy——+n_cLoss;§§QLL9ﬂ@

| I e

4. The apparatus of claim 1, wherein said

rotatable wafer carrier is rotated at a speed between

about 25 to 90 rpm.

5 5. The apparatus of claim 1, wherein said applied
. pressure between the wafer carrier and the polishing

pad is between about 2 to 12 psi.

6. The apparatus of claim 1, wherein said
i0 electric field between said electrode embedded in said
rotatable platen and said electrode embedded in said
rotatable wafer carrier is a result of an applied
potential between about 1 to 10 volts, between
said electrode in said rotatable platen and said

15 electrode in said rotatable wafer carrier.

7. The apparatus of claim 1, wherein said
electrode embedded in said rotatable platen has
substantially the same diameter-as the platen.

20 |

8. The apparatus of claim 1, wherein said

electro&e embedded in said rotatable wafer carrier has

substantially the same diameter as the wafer carrier.

25



-7- representation, illustrates another enbodi ment of the invention, in
whi ch bi-directional electric fi Ehléi@eetr}@SBmiTﬁ%ﬂ bet ween the wafer carrier

and pol i shi ng pad. Fi gs. 'Ill I“m hematically, in

Cross- sectgonal represenLatiﬁn o i I ar:zafrﬁﬁ—ﬁ+—%he—suF#aee of
t t
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9. The apparatus of claim 1, wherein said
electrode embedded in said rotatable wafer carrier has a
diameter which is a fraction of the diameter of the

wafer carrier.

10. An apparatus for planarizing semiconductor.
wafers comprising:
a rotatable platen 'and polishing pad for chemical/-
mechanical polishing (CMP)} a surface of a semiconductor
10 wafer;
- a reservoir for a polishing slurry and means to
dispense the slurry onto the polishing pad;
an electrode embedded in said rotatable platen;
a rotatable wafer carrier ana means for holding the
15 surface of the semiconductor wafer in juxtaposition
relative to said rotating polishing pad with an applied
preséure between the wafer carrief and the polishing
pad;
at least two electrodes embedded in séid rotatable
20 wafer carrier; and
a means to apply bi-directional electric fields
between said eiectrode embedded in said rotatable
platen and said eiectrodes embedded in said rotatable
wafer carrier.

25



The new and inmproved CMP apparat us aq@mggkhggggﬁpqphgmar|2|ng t he surface

of a sem conductor substrate, using c I cal polishing (CWP),
which results in i mproved uniformty: E m! e across the substrate,
wi Il now be described in detail. The a t hod can be used for

planarizing insulator surfaces, such as silicon OXIdE}Or |co

deposi ted b7 SMEGELEaL vapor depositiQn Pf HSther neans,

devi ces and conductor interconnection wring patter ’Zyg
specific areas unique to understanding this invention, vvlllcbeL d@SCfI

in detail. I n usual practice of cheni cal / mechani cal pol i shi ng

11. The apparatus of claim 10, wherein said
polishing slurry comprises silica and HzQ0 at a pH

between about pH = 10 to pH = 11.

5 12. The apparatus of claim 10, wherein said
rotatable platen is rotated at a speed between about

10 to 70 rpm.

13. The apparatus of claim 10, wherein said
10 rotatable wafer carrier is rotated at a speed between

about 25 to 90 rpm.

14. The apparatus of claim 10, wherein said applied
pressure between the wafer carrier and the polishing pad

15 is between about 2 to 12 psi.

15. The apparatus of claim 10, wherein said
electrode embeddéd in said rotatable platen has
substantially the same diameter as the plateﬁ.

20 |

16 The apparatus of claim 10, wherein a first
electrode embedded in said rotatable wafer carrier has a
circular shape with a diameter which is a fractlén 6f
the diameter of the wafer carrier and a second electrode

25 embedded in said rotatable wafer carrier has an annular

shape with an outer diameter substantially the same as



(CWP), the abrasive material in the sThiyShyetHas Bkl Rplacedr alumna. It is
known that colloidal silica, as disper t il i shing slurry has
optihumstability at an al kali ne pH, 3“'%“""4“]3" ph j= 8 and pH = 11,
because a negative charge i - 8 -

then fornmed on the surface of the colloidal silica ?ticles See f or
exanple, U S. Pat. No. 5,078,801 entithed-"Post-Polish Cleanlnﬂ
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the diameter of said semiconductor wafer and an inner
diameter greater than the diameter of said first

electrode.

17. The apparatus of claim 10, wherein said .
bi-directional electric fields between said electrode
embedded in said rotatable platen and said electrodes
embedded in said rotatable wafer carrier are a result of
an applied potential between about 1 to 10 volts,
between said first electrode emhedded in said rotatable
wafer carrier and said second electrode embedded in said

rotatable wafer carrier.

18. A method for fabricating a planarized layer
of dielectric material on a semiconductor substrate
containing a structure, comprising the steps of:

providing said structure on said semiconductor
substrate;

depositing a layer of diélectric Matérial dnto said
semiconductor substrate contéining said Structure;

planarizing said-layer of dielectric material by
holding said semiconductor substraté on a wafer carfier
into which is embedded at least one electrode, and
rotating the wafer carrier, in the presence of a
polishing slurry, against a polishing pad attached to a

rotating platen into which is embedded an-electrode;'



Reverse Col | oi dation" granted Jan. T e ne ative Surface charges

on the col.loids of silica create eIe ea dsi on bet ween the
particles, prevent aggloneration, § Iﬂ colloid. In
the present invention a positive elec jal, 24, is inposed

between the el ectrode, 22 or 23, enbedded in the mefeﬂ carrier, 13, and
t he grounde% electrode 25, enbedded in qthe polishing ipl aten, 11, as shown

in Figs.

electric f| eI d bet vveeEet Ereeagpgre 82&?3 © igt - ;ngot ﬁgt Jﬂ"“”ﬂﬂumﬂumﬁlﬁ

11, and a build-up of positive (+) charge, 20., on the i hsl attor "suff ate
of the sem conduct or

applying pressure between the rotating wafer
carrier and rotating platen; and

applying an electric field between said electrode
embedded in said rotatable platen and said electrode

embedded in said rotatable wafer carrier.

(54

19. The method of claim 18, wherein said@ structure

is an active device.

10 _ 20. The method of claim 18, wherein said structure

is an interconnection pattern of conducting material.

2i. The method of claim 18, wherein said struture
comprises both active devices and an interconnection

15 pattern of conducting material.

22. The method of claim 19, wherein said active

device is a NFET or PFET MOS device.

20 ' 23. The method of claim 20, wherein said
interconnection pattern of conducting materizl, is
aluminum having a thickness between about 4000 to 8000

Angstroms.

25 Z24. The method of claim 18, wherein said layer of

 dielectric material is silicon oxide dGeposited using



waf er, 15. This positive charge, ttracts negatively charged coll odia
silica, 21, and thereby increases the j E @@n&amme tion between the

sem-conductor wafer, 15, and the poli qsulting in an

i ncreased polish removal rate as areg I|ed el ectrical
potential, 24. In Fig. 2A, where the electrode d in the wafer
carrier has a dianmeter substantiall y thggane as the d| arreter of t he

seni conduct 3MRe06415, the electrical potential, 24, Hu ﬂﬂ”mmm
substantially uniformfield across the wafer and results luuﬂ
polish renoval rate
LPCVD processing, at a temperature between about 300 to
.500°C, to a thickness between about 8000 to 11,000

Angstroms, using TEOS at a flow between about 400 to

1600 sccm.

[%,}

25. The method of claim 18, wherein said polishing
slurry comprises silica and H20, controlled in the:

temperaturé range between about 20 to 30°C.

10 26. The method of claim 18, wherein said rotating
wafer carrier is rotated in a rangeée between about 25 to

S0 rpm.

27. The method of claim 18, wherein said rotating

15 platen is rotated in a range between about 10 to 70 rpm.

28. The method of claim 18, wherein said applied
.pressure between the wafer carrier and platen is in a
range between about 2 to 12 psi.
20
29. The method of claim.lé, wherein said electric
field between said electrode embedded in said rotatable
platen and said electrods embedded in said rotatable
wafer carrier is a result of an applied potential
25  between about 1 to 10 volts, between said electrode in

said rotatable platen and said electrode in said



-9-° across the entire wafer. In Fig. 2B, by linting the dianeter of the
carrier electrode, 23, the electric fhigbhsetiasB lasefl only across the

central area of the wafer, thereby i r| H ﬂHBﬂT ﬁl urry concentration in
the central region of the wafer and r ngreased polish renova

rate in this central region. The result is an inproved uniformty of

removal rat epgge 506?9 entire wafer, hecpuse the electric field increases
t he polish rennd%? rate in the central region and conpensates for the

usual 'y reduced polish renoval rate in the central reg

rotatable wafer carrier. !,;. II!lll[lfﬂll{lII{IHII!HI I/

30. The method of claim 18, wherein said electrode
embedded in said rotatable platen has substantially the

5 .same diameter as the platen.

31. The method of ciaim 18, wherein said electrode

embedded in said rotatable wafer carrier has

substantially the same diameter as the wafer carrier.

10
32. The method of claim 18, wherein said electrode
embedded in said rotatable wafer carrier has a diameter
which ié a fraction of the diameter of the wafer
carrier.
15 |

, 33. The method of claim 18, wherein a first
eleétrode embedded in said rotatable wafer carrier has a
circular shape with a diameter which is a frac£ion of
the diametar of the wafer carrier and a second electrode

- 20 embedded in said rotatable wafer carrier has an annular
shape with an outer diameter substantially the same as
the diameter of said semiconductor wafer and an inner
diamete; greater than the diameter of said first

electrode. .



In a second enbodi nent of the present |nvent|on i -directional electric
fields are inposed between the waf eft tHayieen lmahd t he polishing pad,
12, as shown in Fig. 3. At least t ﬁ ectrodes one central
circular el ectrode, 27, having a d a fractron of the

di ameter of the semi conduct or waf er, 15, and at Ieast one additional

el ectrode, 28, having an annul ar shape.w&gh.an out er_di anet er
substantially the same as the dianmeter of the em cpnduct or waf er

i nner  di anetl§MGH%d6dr than the diameter of el ectrodﬂ!'l ml IH"ﬂMﬂﬂle in
the wafer carrier, 13. Electrical potential, E

bi -di recti onal electrrc fields so that a burld up o negatrve ) charge

34. The method of claim 33, wherein bi-directional
electric fields are applied between said electrode
embedded in said rotatable platen and said electrodes

-embedded in eaid rotatable wafer carrier.

35. The method of claim 34, wherein said
bi-directional electric fields are a result of an
applied potential between about 1 to 10 volés, between
said first electrode embedded in said rotatable wafer

in carrier and said second electrode embedded in said

rotatable wafer carrier.

15

20



26, occurs on the insul ator surface near the outer edge of the
sem conductor wafer, 15, and a bU|kam@thEpaﬁhmhw§1(+) charge, 20, occurs

on the insul ator surface near the c
-10 - of the sem conduct or mafer e charge, 26, repel s
negatively charged coll odial silica, c uses'a reduction of slurry

concentration between the sen1conductor wafer, 15, and the polishing pad,
12, near the outer edge of

| 10
17
14
44— 16
S
13 ~—~—F 1 : _
15— 12

iy

FIG. 1 — Prior Art
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the wafer and results in decreasedﬁpeLLsh—+eﬁﬁvat—rate in this region.

The positive charge, 20, attract s negatl ged collodial silica,
21,. and <t hereby i ncreases the on bet ween t he
sem conduct or wafer, 15, and the near the center of

t he wafer and results I n |ncrease rate in this central.
region. This enbodi nent all ows tallorlng of t he pOlISh renoval rate as a

function of field region and results ip i mproved uniformty of polish
renoval rate across the entire sem con uctor wafer. _ Figs. 4 and
5, schematically in cross-sectional representation, show the '
chem cal / nmechani cal planari zation 24
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(CWP) of a sem conductor wafer contarmnga netat-t+zed MOSFET device onto
n i de

whi ch has been deposited an overlayeim9§m§hﬂgﬁ

A typical NFET,

X

(N-type Freld Effect Transistor) deV| Flg 4, consists of a

sen conductor wafer, 15, conposed of ﬂmﬂ rystal silicon with a
Edx il

<100> orientation; a thick field oxidé

gate, 31; gat

a polysilicon
e oxide, 32; source and draln reglons sidemall spacers;

34; LPCVD deposited Iayers of silicon gy3de, 35, and S|Iicon nitride, 36;

interl evel
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deposi ted overl ayer of silico Deposi
silicon oxide, 39, is substanfially confornmal toj}t -y § opogr aphy

”192'?

connecting plug, 37; CondUCtlﬁf qijtfgqpéctlon pattern

and results in a rough surface topography, 40. Pla arlzat
surface topography, 40, shown in Fig. 4, is perfor
i nproved apparatus of this invention fo chem cal
(CVWP), and results in a substantlally planar oxid

in Fig. 5.

and
j zati on
hown

CHEMICAL/MECHANICAL PLANARIZATION (CMP) APPARATUS
AND POLISH METHOD

BACKGROUND OF THE INVENTION
(1) FIELD OF THE INVENTION
This invention relates to an apparatus and method for
chemical/mechanical planarization {CMP) of a semiconductor
wafer. More specifically, the invention is.directed to an
apparatus and method which increases the polish removallraté

and the uniformity of the planarization process.

(2) DESCRIPTION OF RELATED ART

In the fabrication of semiconductor Components, metal
conductor lines are used to interconnect the many components
in device c1rcu1rs.: As wiring densities in semiconductor
c1rcu1t chlps increase, multiple wiring levels are required
to achieve interconnection of the devices, and planarization
of the interlevel dielectric becomes a critical step in the
fabrication process. The technology requires that ﬁhe device
interconnection lines be formed over a substrate containing
device circuitry. These interconnection lines are typically
metal or a conductor and serve to electrically interconnect
the discrete circuit devices. These metal connecting lines
are further insulated from the next interconnection level by
thin layers of insulating matefial formed by, for example,

chemical vapor deposition (CVD) of oiideé; In order to

o L)




The new and inproved nethod of CWP planarization wutilizing th

| fproved CVP apparatus illustrated in an enbodi 2A,

wi |l now be described in detail. Referring to QREPL[\C@‘A ol slurry
consisting of silica and Herr] O contained in ?erV6|r, ,
controlled in the tenperature range between aboyt ZQ“QOJQQHBV?] . land is

di spensed t hrough conduit, 17, so as tgQ §a1urate;p_li§ﬁing pad, il
referring to Fig. 2A, which illustrates an enbodi nent.-ef—tMe new
i nproved CMP apparatus, the seniconductor wafer,:15, is plac

| ngbikle

waf er carrijgf. | j 4. | FEEREOTEvaga

pol i shi ng Sa&,erf]f%nﬁ\@pﬁjrsﬁﬁ@eSlpio%ét;ér])ﬁg@ﬂgﬂ%fa%gvveen about 1 fo 10 volts

i's applied et vRemdd 8 fltafd rafiful 2 ngMoerited ¢ provide electrical
access therebetween. In such wiring processes, it is
desirable that the insulating lavers have a smooth topography

and that the thickness of the polished insulating layer be

uniform across the semiconductor substrate.

Recently chemical/mechanical polishing (CMP) has been
developed for providing smooth insulator topographies.
Briefly, the process involves holding and rotating a thin,
flat wafer of the semiconductor material against a wetted
polishing surface under controlled chemical, pressure, and
temperature conditions. Fig. 1 shows a thventional CMP
apparatus, 10, having a rotatable polishing platen, 11, and a
polishing pad, 12, mounted to the polishing platen, 1l1; a
rotatable wafer carrier, 13, adapted so that a force
indicated by arrow, 14, is exerted on semigonductor wafer,
15; a chemical slurry supply system comprisihg a temperature
controlled reservoir, 1§, and conduit, 17, which dispenses
the slurry onto the polishing_pad, 12. A chemical slurry
containing a polishing agent, such as alumina or silica, is
used as the abrasive material. Additionally, the chemical
slurry contains selected chemicals which etch various
surfaces of the wafer during processing. The combination of
mechanical and chemical removal of material during polishing

results in superior planarization of the polished surface.



the water carrier, 13, and the electrode, 25, enbedded in the Polishing
pl aten, "11. The pollshlng platen is rotated at a speed between about 10 to

70 rpmand the wafer carrier is T -12-

rotated at a speed between about 25 to 90 rpm A pﬁ%@b%ﬁ@ﬂ%ﬁrs en about
2 to 12 psi is applied between the wafer carrier} - and the pdlijshing
pad, 12. Polishing proceeds Until the desited suff cgpm@”ﬁ@éss Ils

achi eved. ;

In this process it is iﬁportant to reméVE“é sufficient amount
of material to provide a smooth surface, without removing an
excessive amount of underlying materials. Thus, it is
important that the polish removal rate across the wafer be
uniform; i.e. the polish removal rate near the edge of the
wafer is the same as the polish removal rate near the center

of the wafer.

Parameters which affect the polish removal réte are
downward pressure on the wafer, rotational speeds of the
polishing platen and wafer carrier, slurry particle density
and size, slurry composition and tehperature, and polishing
pad composition. Adjustment of these parameters permits
control of the polishing and planarization processes;
however, the problem of non-uniform polish removal rate
continues to blagqe conventional CMP processes because, in
general, rémoval rates\tend to be higher at the wafer edge
than at the wafer center because wafer rotation causes the
wafer edge region to move at a higher linear speed than the

wafer central region.

Improvements in CMP processes to control uniformity have
been invented, as shown in the following patents. U.S. Pat.
No. 5,234,867 entitled "Method For Planarizing Semiconductor
Wafers With A Non-Circular Polishing Pad" granted Aug. 10,

1993 to Laurence D. Schultz et al describes a polishing



A new .and inproved nethod of CWP planarization may also be carried out

t Hrough the use of the new and inproved CHP appar
enbodi ment, shown in Fig. 3. First, referring to

REPLACEMENT SHBET

t he

slurry consisting of silica and H[err]Cz cont ai nedj i yTTESETVOIT, 6,1 1S
controlled in the tenperature range bewt een about ROjt %b@ggkg a S
di spensed through conduit, 17, so as tog gsaurate poji h| ng 12, {Now
referring to Fig. 3, the sem conductor wafer, 15, jslpl.aced..onto-the] wafer
carrier, 13, with the silicon oxide |ayer face do agalnst the polikhing

12. A Positive potential 29, between about 1'te +0--votts—ts~—appl i ed

betmeen the c ntra %Fular electrode 29, and

od w ere y the uniformity of remova Late across a
substrate is improved by controlling the time duration in
which the polishing pad is in contact With the outer regions
of the substrate. U.S. Pat. No. 5,240,552 entitled "Chemical

Mechanical Planarization (CMP) Of A Semiconductor Wafer Using
Acoustical Waves For In-situ End Point Detection" granted
Aug. 31, 1993 to Chris C. Yu et al directs acoustical waves
at the wafer during CMP and through analysis of the reflected
waveform controls the planarization process to imérove the

uniformity of the process.

The present invention is directed to a novel method and
apparatus for controlling the polish removal rate and
uniformity of polish removal rate across a semiconductor

wafer during chemical/mechanical planarization (CMP).

SUMMARY OF THE INVENTION
One object of the present invention is to provide an
improved and new apparatus and proceés for chemical/-
mechanical planarization (CMP) of a semiconductor wafer
surface, wherein the polish removal rate is controlled
through the application of an electric field between thé

semiconductor wafer carrier and the polishing pad.

Another object of the present invention is to provide a

new and improved apparatus and process for chemical/-



annul ar el ectrode, 28. The polishing platen is rot
about 10 to 70 rpmand the wafer carrier is rotat

about 25 to 90 rpm A pressure of between about 2 to 12 pSI is ap
between the wafer carrier, 13, and the polishing (L2.J80M9%hi

proceeds wuntil the desired surface snoothness is 1c |eved

t ween
een
I ed

Ahile

the invention has been particularly showb and des¢ri-bed~wWTh Teferehce to

the preferred enbodi nents

mechanical planarization (CMP) of a semiconductor wafer
surface, wherein application of an electric field between
selected regions of the semiconductor wafer carrier and
polishing pad affects the polish removal rates in a manner
which improves the uniformity of ﬁaterial removal across the

entire semiconductor wafer surface.

A further object of the present invention is to provide
a new and improved apparatus and process for chemical/-
mechanical planarization (CMP) of a semiconductor wafer
surface, wherein the uniformity of poliéh removal rate is
controlled through the application of bi-directional elecfric
fields between the semiconductor wafer carrier and the

polishing pad.

The povel features of the polishing apparatus in
accordance with the invention comprise, applying an electric
field between the wafer carrier and polishing platen as a
means of controlling the concentration of the polishing
slurry across the surface of the semiconductor wafer being
polished and thereby increaéing the polish removal rate amd
improving the uniformity of polish removal rate across the
semiconductor wafer surface. In an illustrative embodiment,
apparatus for carrying out the method of the invention |
comprises: a rotatable polishing platen for chemically/-

mechanically planarizing (CMP) a surface of a semiconductor



£, s !q:n‘

-13- -thereof, it will be understood by those skilled frmthe—art

REBLAGEMENT SHERT t

various changes in formand details may be .nade wi t hout

spirit and scope of the invention.
IS ' -14-
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wafer; a reservoir for a polishing slurry and a means to

@ispense the slurry onto the poiishing pad; an electrode

embedded in the rotatable platen; a rotatable wafer carrier

and means for holding the surface of the semiconductor wafer

in juxtaposition relative to the rotating polishing pad with

an applied pressure between the wafer carrier and the

pPolishing pad; at least one electrode embedded in the

rotatable wafer carrier; and a means to apply an electric

field between the electrode embedded in the polishing platen

and the electrode embedded_in the wafer carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are

best described in the preferred embodiments with reference to

the attached drawings that include:

Fig. 1, which schematically, in cross-sectional

representation, illustrates a conventional chemical/-

mechanical polishing (CHMP) apparatus.

Figs. 2A and 2B, which schematically, in cross-sectional

representation, illustrate an embodiment of the invention, in

which a mono-directional electric field is imposed between

the wafer carrier and polishing pad.

Fig. 3, which schematically, in cross-sectional

he



1. An.apparatus for planarizing sem conductor wafers conpri sing: a

rdt at abl e pl aten and polishing pad for chenical/- nechapnical polishing
(CWP) a surface of a sem conductor wafer; a r@g&Lmq\,rmfroirﬁEeET
polishing slurry and neans to dispense the slurry lonte-t+he~pottsting pad;
an el ectrode enbedded in said rotatable platen; Hp gha@b&amafer
carrier and neans for holding the surfage-of the deric®e Y flen in
juxtaposition relative to said rotating polishingipad with an _applii ed
pressure between the wafer carrier and the polishing pad,

representation, illustrates another embodiment of the -
invention, in which bi-directional electric fields'are

imposed between the wafer carrier and polishing pad.

Figs. 4 - 5, which schematically, in cross-sectional
representation, illustrate planarization of the surfaﬁe of a
semiconductoxr circuit by chemical/mechanical polishing.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The new and improvad CMP apparatus and method of
planarizing the surface of a semiconductor substrate, using
chemical/mechanical polishing (CMP), which results in
improved uniformity of removal rate across the substrate,
will now be described in detail. The apparatus and method
can be used for planarizing insulator surfaces, such as
silicon oxide or silicon nitride, depositedlby chemical vapor
deposition or other means, over semiconductor devices and/or
conductor interconnection wiring patterns. Only the specific
areas unique to understanding this invention will be

described in detail.

In usual practice of chemical/mechanical polishing
(CMP), the abrasive material in the slurry is silica or
alumina. It is known that colloidal silica, as dispersed in
the polishing slurry has optimum stability at an alkaline pH,

between about ph = 8 and pH = 11, because a negative charge



at 1 east one el ectrode enbedded in said rotatable wafer carrier; and
a‘means to apply an electric field between said ?LEQLLndevenbedde& in said
rotatable platen and said electrode enmbedded in $aREPUAGEREND| SHERAS er
-carrier. 2. The apparatus of claim1l, whelfeira~sard-—potTShi hg
slurry conprises silica and H20 at a pH between &bdut QH S %gg olpH = 11
3. The apparatus of claiml1l, wherein satd8 +otatabl p{I) t%mi rotated at a
speed between about 10 to 70 rpm

is then formed on the surface of the colloidal silica
particles. See, for example, U.S. Pat. No. 5,078,801
entitled "Post-Polish Cleaning Of Oxidized Substrates By
Reverse Colloidation" granted Jan. 7, 1992. The negative
.surface charges on the colloids of silica create
electrostatic repulsion between the particles, prevent

" agglomeration, and stabilize the colloid.

In the present invention a positive electrical
potential, 24, is imposed between the electrode, 22 or 23,
embedded in the wafer carrier, 13, and the grounded

" electrode, 25, embedded in the polishing platen, 11, as shown
in Figs. 2A and 2B. The presence of the electric potehtial,
24, causes an electric field between the wafer carrier, 13,
and the polishing platen, 11, and a build-up of positive (+)
charge, 20, on the insulator surface.of the semiconductor
wafer, 15. This positive charge, 20, attracts negatively
charged collodial silica, 21, and thereby increases the
slurry concentration between the semiconductor wafer, 15, and

- the polishing pad, 12, résulting in an increased polish
removal rate as a result of the applied electrical potential,
24. In Fig. 2A, where the electrode, 22, embedded in the
wafer carrier has a diameter substantially the same as the
diameter of the semiconductor wafer, 15, the electrical
potential, 24, causes a substantially uniform field across

the wafer and results in an increased polish removal rate



-15- . 4. The apparatus of claim 1, wherein sai AEPINGERENDI SHERAS er
carrier is rotated at a speed between about 25 to 90 pr-pm 5. | The

apparatus of claim1l1l, wherein said applied pressurg Qet n fien
carrier and the polishing pad is between about 2 tq 12 éﬁf;AﬁhEQTﬁ

| o~

-9 -

across the entire wafer. In Fig. 2B, by limiting the
diametor of the carrier electrode, 23, the electric field is
applied only across the central area of the wafer, thereby
inc;easing the slurry concentration in the central region of
the wafer and results in an increased polish removal rate in
this central region. The result is an improved uniformity of
removal rate across the entire wafer, because the electric
field increases the polish removal rate in the central region
and compensates for the usually reduced polish removal rate

in the central region.

in a gecond embodiment of the present invention,
bi~directional electric fields are imposed between the wafer
carrier, 13, and the polishing pad, 12, as shown in Fig. 3.
At least two concentric electrodes, one central circular
electrode, 27, having a diameter which is a fractior of the
diameterlof the semiconductor wafer, 15, and at least one
additional electrode, 28, having an annular shape with an
outer diameter substantially the same as the diameter of the
semiconductor wafer and an inner diameter greater than the
diameter of electrode, 27, are embedded in the wafer carrier,
13. Electrical potential, 29, esﬁablishes bi-directional
electric fields so that a build-up of negative (-) charge,
26, occurs on the insulator surface near the outer edge of
the semiconductor wafer, 15, and a build-up of positive (+)

charge, 20, occurs on the insulator surface near the center



6. . The apparatus of claim1l, wherein said electric field_between said

el ectrode enbedded in said rotatable platen and said eIEcR ﬁﬂl ]
said rotatable wafer carrier is a result of an applied |p@is , LARE
about 1 to 10 volts, between said electrode in said rothptgable platen “and

said electrode in said rotatable wafer carrier. 7 h@ﬁpﬁéf&??]s
claim1, wherein said el ectrode enbeddeqgqin said rotatabje]platen has
substantially the same dianeter as the platen. 8.} The appar at usof

claim1l, wherein said
of the semiconductor wafer, 15. The negative charge, 26,

repels negatively charged collodial silica, 21, and causes a
reduction of slurry concentration between the semiconductor
wafer, 15, and the polishing rad, 12, near the outer edge of
the wafer and results in decreased polish removal rate in
this region. The positive charge, 20, attracts negatively
charged collodial silica, 21, and thereby increases the
slurry concentration between the semiconductor wafer, 15, and
Lhe polishing pad, 12, near the center of the wafer and
results in increased polish removal rate in this central
region. 7This embodiment allows tailoring of the polish
removal rate as & function of field fegion and results in
improved uniformity of polish removal rate across the entire
semiconductor wafer.

Figs. 4 and 5, schematically in cros;-sectional
representation, show the chemical/mechanical planarization
(CMP) of a semiconductor wafer containing a metallized MOSFET
device onto which has been deposited an overlayer of silicon
oxide. A typical NFET, (N-type Field Effect Transistor)
device, as shown in Fig. 4, consists of a semiconductor
wafer, 15, composed of P—typg, single crystal silicon with a
<100> orientation; a thick fi:éld oxide region, 30, (FOX); a
polysilicon gaté, 31; gate oxide, 32; source and drain
regions, 33; sidewall spacers, 34; LPCVD deposited layers of

silicon oxide, 35, and silicon nitride, 36; interlevel



el ectrode enbedded in said rotatable wafer carrier a4yt he
sane dianeter as the wafer carrier. - |LREPLACEMENT SHEETTHe
apparatus of claim1, wherein said electrode enbedded ' tatjalll e

wafer carrier has a dianeter which is a fraction of} tthe dj of} tihe
wafer carrier. _ Odjgmﬁw

connecting plug, 37; conducting interconnection pattern, 33;
and LPCVD deposited overlayer of silicon oxide, 39.
Deposition of the LPCVD layer of silicon oxide, 39, is
substantially conformal to the underlying topography and
results in a rough surface topography, 40. Planarizaticn of
the surface topography, 40, shown in Fig. 4, is performed
using the new and improved apparatus of this invention for
chemical/mechanical planarization (CMP), and resu}ts in a

substantially planar oxide surface, 41, as shown in Fig. 5.

The new and improved method of CMP planarization
utilizjing the new and improved CMP apparatus illustrated in
an embodiment, shown in Fig. 2A, will now be described in
detail. Referring to Fig. 1, a polishing slurry consisting
of silica and Hz0, contained in reservoir, 15, is controlled
in the temperature range between about 20 to 30°C, and is
dispensed through conduit, 17, so as to saturate polishing
pad, 12. Now referring to Fig. 2A, which illustrates an.
embodiment of the new and improved CMF apparatus, the
semiconductor wafer, 15, is placed onto_the wafer carrier,
13, with the silicon oxide laver féce down against the
polishing pad, 12. A positive potential, 24, between about 1
to 10 volts is applied between the electrode, 22, embedded in
the wafer carrier, 13, and the electrode, 25, embedded in the
polishing platen, 11. The polishing platen is rotated at a

speed between about 10 to 70 rpm and the wafer carrier is



10. An apparatus for planarizing sem conductor waf Hlib_%%'
r-ot at abl e pl aten and polishing pad for chemcal/- pot
(CWP) a surface of a seniconductor wafer; ~afe r1or
polishing slurry and neans to dispense the slurry ¢ngfo ¢2edml1i;—§hi
an el ectrode enbedded in said rotatable platen; a Totata

and neans for holding the suriagg of the sam
juxtaposition relative to said rotating polishing pad with an appli
pressure between the wafer carrier and the polishing

carrier

a

bl e

rotated at a speed between about 25 to 90 rpm. A pressure of
between about 2 to 12 psi is applied between the wafer
carrier, 13, and the polishing'pad, 12. Polishing proceeds

until the desired surface smoothness is achieved.

A new and improved method of CMP planarization way aiso
be carried out through the use df the new and improved CMP
apparatus illustrated in the embodiment, shown in Fig. 3.
First, referring to Fig. 1, a polishing slurry c&ﬁsisting of
silica and H20, contained in reservoir, 16, is controlled in
the temperature range bewteen about 20 to 30°C, and is
dispeqsed through conduit, 17, so as to saturate bolishing
pad, 12. Now referring to Fiz. 3, the semiconductor wafer,'
15, is placed onto the wafer carrier, 13, with the silicon
oxide layver face down against the polishing pad, 12. A
positive potential, 29, between about 1 to 10 volts is
applied between the central circular electrode, 29, and the
annular edectrode, 28. The polishing platen is rotated at a
speed between about 10 to 70 rpm and the wafer carrier is
rotated at a speed between about Zs.to 90 rom. A preséure of
between about 2 to 12 psi is applied between the wafer
carrier, 13, and the polishing pad, 12. Polishing proceeds

until the desired surface smoothness is achieved.

While the invention has been particularly shown and

described with reference to the preferred embodiments



pad; at least two el ectrodes enbedded in said rotatable wafer
carrier; and a neans to apply bi-directional electrjc fields between

sai'd el ectrode enbedded in said rotatable platen and s
enbedded in said rotatable wafer carrier. -

- 13 -

thereof, it will be understood by those skiliéﬁhiﬁnthe art
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that various changes in form and details may be made without

departing from the spirit and scope of the invention.

What is claimed is:



11. The apparatus of claim 10, wherein said polishing. slurry conprises
silica and H err] Oat a pH bet ween about pH = 10 tio gpp| RCEMENT SHFET 12.
',

The apparatus o
speed between ab
mhereln sai d

25 t

aid rotatable |p at a

ammnmmlmll Imu er is ro{lBt od ot appar&eaiglsﬁ&g{'_ en._ _l%ght
- : WheSapparatus of claim 10} wherein said p]ied

1. An apparatus for planarizing semiconductor
wafers comprising:

a rotatable platen and polishing pad for chemical/-
mechanical polishing (CMP) a surface of a2 semiconductor
wafer;

a reservoir for a polishing slurry and means to
dispense the siurry onto the polishing pad;

an electrode embedded in said rotatable platen;

a rotatable wafer carrier and means for holding the
surface of the semiconductor wafer in juxtaposition
relative to said rotating polishing pad with an applied
pressure between the wafer carrier and the polishing
pagd;

at least one electrode embedded in said rotatable
wafer carrier; and

a means to apply an electric field between said
electrode embedded in said rotatable platen and said

electrode embedded in said rotatable wafer carrier.

2. The apparatus of claim 1, wherein said
polishing slurry comprises silica and H20 at a pH

between about pH = 10 to pH = 11.

3. The apparatus of claim 1, wherein said

rotatable platen is rotated at a speed between about

10 to 70 rpm.



pressure between the wafer carrier and the polishing pad is between about

2to 12 psi. 15. The apparatus of claim 10, wherein said trode
enbedded in said rotatable platen has substantiallf \BEIENTISHEET ef as
t he pl aten. 16. The apparatus of claim 10, wh ﬁﬂﬂA i

el ectrode enbedded—in—sai-d rotatable wafer carrier 1a a Ciéﬁﬁéff shape
with a dlaneter a fraction ot 16he diameted &f Q@ ReJAMf carfier
and a second el W‘E@

annul ar shape VW

H’ﬂ in said rotatable waffter carrier has
4, The apparatus of claim 1, wherein said

nmet er substantlally t he sane as

rotatable wafer carrier is rotated at a speed between

about 25 to 90 rpm.

5. The apparatus of claim 1, wherein said applied
pressure between the wafer carrier and the polishing

pad is between about 2 to 12 psi.

6. The apparatus of claim 1, wherein said
electric field between said electrode embedded in said
rotatable platen and said electrode embedded in said
rotatable wafer carrier is a result of an applied
potential between about 1 to 10 volts, between
said electrode in said rotatable piaten and said

electrode in said rotatable wafer carrier.

7. The apparatus of claim 1, wherein s;id
electrode embedded in said rotatable platen has
substantially the same diameter as the platen.

8. The apparatus of claim 1, wherein said
electrode embedded in said rotatable wafer carrier has

substantially the same diameter as the wafer carrier.



- 18 - the dianmeter of said sem conductor wafer and an inner dianeter
greater than the dianeter of said first electrode. 17. The
apparatus of claim 10, wherein said bi-directionar—erettT] bet ween
sai d el ectrode : : ar REPLACéﬁéﬂf‘bﬁtgﬁ
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9. The apparatué of claim 1, wHeéréin said
electrode embedded in said rotatable wafer carrier has a
diameter which is a fraction of the diameter of the

wafer carrier.

10. An apparatus for planarizing semiconductor
wafers comprising:

a rotatable platen and polishing pad for chemical/-
mechanical polishing (CMP) a surface of a semiconductor

- wafer;

a reservoir for a polishing slurry andé means to
dispense the slurry onto the polishing pad;

an electrode embedded in said rotatable platen;

a rotatable wafer carrier and means for holding the
surface of the semiconductor wafer in juxtaposition
relative to said rotating polishing pad with an applied
pressure between the wafer carrier and the polishing
pad;

at least two electrodes embedded in said rotatable
wafer carrier; and

a means to apply bi-directional electric fields
between said electrode embedded in said rotatable
rplaten and said electrodes embedded in said rotatable

wafer carrier.



enbedded in said rotatable platen and said el ectrodes enbedded in said
rotatable wafer carrier are a result of an applied potential between about

1to 10 vo!ts, betmeen said first el ectrode enbedd dgkgu&%@&yﬁggﬁkﬁ ?er

wafer carrier and said second el ectrode enbedded i nlsa
carrier. I8, A method Tor fabricating a plajarized | ayer

dielectric mat eu"ﬂ m ductor. ggbstrate contiai®di7ngal 1697 u?t re,
conprising the l"" m"”“Brow ding said structu je on sai d

sen1conductor_ §ub§trate" s+ depositing a |ayer of drehectrrc-naterla
onto said

11. The apparatus of claim 10, whereln sald
polishing slurry comprises silica and Hz0 at a pH

between about pH = 10 to.pH = 11.

12. The apparatus of claim 10, wherein said
rotatable platen is rotated at a speed between about

10 to 70 rpm.

13. The apparatus of claim 10, wherein said
rotatable wafer carrier is rotated at a speed between

about 25 to 90 rpm.

14. The apparatus of claim 10, wherein said applied
pressure between the wafer carrier and the polishing pad

is between about 2 to 12 psi. ;

15. The apparatus of claim 10, wherein said
electrode embedded in said rotatable platen has

substantially the same diameter as the platen.

16. The apparatus of claim 10, wherein a first

electrode embedded in said rotatable wafer carrier has a

Fh

circular shape with a diameter which is a fraction o
the diameter of the wafer carrier and a second electrode
embedded in said rotatable wafer carrier has an annular

shape with an outer diameter substantially the same as



sem conduct or substrate containing said structure; pl anari zi ng said
| ayer of dielectric material by holding said sem con
wafer carrier into which is enbedded at | east one el cﬂﬁﬁﬁéEH@Hﬂ'Sﬁﬁﬁbting
the wafer carrier, in the presence of a polishing sl uyryg;—agarnst

pol i shi ng pad—affaﬁhed—ffrfr—fﬁfat|ng platen into whic g%ﬁ%%@?%ﬂﬁam

et lllﬂﬂl 0 R |II| - |

the diameter of said semiconductor wafer and an inner

diameter greater than the diameter of said first

electreode.

17. The apparatus of claim 10, wherein said
bi-directional elactric fields between said electrode
embedded in said rotatable platen and said electrodes
embedded in said rotatable wafer carrier.arela result of
an applied potential between about 1 to 10 volts,
between said first electrode embedded in said rotatable
wafer carrier and said sccond electrode embedded in said

rotatable wafer carrier.

13. A method for fabricating a planarized layer
of dielectric material on a semiconductor substrate
containing a structure, comprising the steps of:

providing said structure on said semiconductor
substrate;

depositing a layer of dielectric material onto said
semiconductor substrate containing said structure;

planarizing said layer of dielectric material by -
holding said semiconductor substrate on a wafer carrier
into which is embedded at least one electrode, and
rotating the wafer carrier, in the presence of a
polishing slurry, against a polishing pad attéched to a

rotating platen into which is embedded an electrode;



applylng pressure between the rotating wafer carrier

and applying an electric field between said el ect
said rotatable platen and said el ectrode enbedded in fpa
carrier. 19 The nethod of claim 18, wherein sajd]s W
I ve dev he method of claim 18, wherkih gg?d&“ %ﬁgtura

21l... The et ;hod

EE 2:igc°az:ﬂilltllumlﬁullllmllt°“d““ To-rater

applying pressure betwéen the rotating wafer
carrier and rotating platen; and

applying an electric field between said electrode
embedded in said rotatable platen and said electrode

embedded in said rotatable wafer carrier.

19. The method of claim 18, wherein said structure

is an active device.

20. The method of claim 18, wherein said structure

is an interconnection pattern of conducting material.

2i. The method of claim 18, wherein said struture
comprises both active devices and an interconnection

pattern of conducting material.

22. The method of claim 19, wherein said active

device is a NFET or PFET MOS device.

23. Tﬁe methed of claim 20, wherein said
interccnnection pattern of conducting material, is
aluminum having a thickness between about 4000 to 8000

Angstroms.

24. The method of claim 18, wherein said layer of

dielectric material is silicon oxide deposited using



conpri ses both active devices and an interconnectio duct i ng
mat eri al . 22. The method of claim 19, whereih EEHACEME%V $' Hevi ce is
a NFET or PFET MOS devi ce. 23. The nethod of ¢ ~Wher el h said
i nt erconnecti op pat-tern of _conducti ng mat erial, is aI U%\?Ugﬂ haVI ng a

“The et hod of

t hi ckness bet

clai m 18, \Aherwgmuiﬁm"

deposited usin

00 to 8000 Angstrons

,ﬂ'”ﬂ” di el ect20 ¢- materi alf i

i.l-l-eon-- oxi de

LPCVD processing, at a temperature between about 300 to
500°C, to a thickness between about 8000 to 11,000
Angstroms, using TEOS at a flow between about 400 to

1600 sccm.

25. The method of claim 18, wherein said polishing
slurry comprises silica and H20, controlled in the
temperature.range between about 20 to 30°C.

28. The method of claim 18, wherein said rotating
carrier is rotated in a range between about Z5 to

wafer

90 rom.

27. The method of claim 13, wherein said rotating
platen is rotated in a range between about 10 to 70 rpm.

28. The method of claim 18, wherein said applied
pressure between the wafer carrier and platen is in a

range between about 2 to 12 psi.

29. The method of claim 18, wherein said electric
field between said electrode embedded in said rotatable
platen and said electrodes embedded in said rotatable
wafer carrier is a result of an applied potential
between about 1 to 10 volts, between said electrode in

said rotatable platen and said electrode in said
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rotatable wafer carrier.

30. The method of claim 18, wherein said electrode
embedded in said rotatable platen has substantially the

.same diameter as the platen.

31. The method of claim 18, wherein said electrode
embedded in said rotatable wafer carrier has

substantially the same diameter as the wafer carrier.

32. The method of claim 18, wherein said electrode
embedded in said rotatable wafer carrier has a diameter
which is a fraction of the diameter of the wafer

carrier.

. 33. The method of claim 18, wherein a first
eleétrode embedded in said rotatable wafer'carrier has a
circular shape with a diameter which is a fraction of
the diametar of the wafer carrier and a second electrode
embedded in said rotatable wafer carrier has an anaular
shape with an outer diameter substantially the same as
the diameter of said semiconductor wafer and an inner
diameter greater than the diameter of said first

el ectrode. .

20 LPCVD processing, at a tenperature between about 300 to 500[err]C, to
a 't hi ckness between about 8000 to 11,000 Angstrons,
bet ween about 400 to 1600 sccm 25. The net of.claim.18,

wherein said peld-shing slurry conprises silica and H[ ®REPLAGERENTt SHEHTEC

using TECS at a flow

in



tenperature range between about 20 to 30[err]C 26. The net hod of-
cl'aim 18, wherein said rotating wafer carrier is rqtated in a range
between about 25 to 90 rpm 27. The net ho QﬁPEM, N ein
said rotating platen is rotated in a range between jahe 1ﬁ¢2ﬁ8$% pimin
28. The method of Tharmi8;—whereln-said applied p e<s%§§ bet ween ¢ h¢

S gy e

34. The method of claim 33, wherein bi-directional
electric fields are applied between said electrode
embedded in said rotatable platen and said electrodes

embedded in said rotatable wafer carrier.

35. The method of claim 34, wherein said
bi-directional electric fields are a result of an
applied poténtial between about 1 to 10 volés, between
said first electrode embeddéd in said rotatable wafer
carrier and said second electrode embedded in said

rotatable wafer carrier.



J

29; The nethod of claim 18, wherein said electric—
el ectrode enbedded in said rotatable pl aten and sai
in said rotatable wafer carrier i'misshqee%anPend‘PPliﬁda

e i

bet ween about.1 to 10 volts, between “mﬂln H‘ulm
LR

pl aten and said el ectrode in said
carrier.
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CHEMICAL/MECHANICAL PLANARIZATION (CMP) APPARATUS

AND POLISH METHOD
ABSTRACT

An improved and new apparatus and process for

chemical/mechanical planarization {(CMP) of a substratg

surface, wherein the slurry concentration between the wafer

and polishing pad is controlled through the application of an

electrice field between the wafer carrier and polishing

platen, has been developed. The result is an increased

(e

planarization process.

(FIGURE 2a IS SUGGESTED FOR PUBLICATION)

olish removal rate and better uniformity of the



30. The nethod of claim 18, wherein sdid el ectrode enbedded in said
.rotatable platen has substantially the sane di aneter as the platen.
31. The nethod of claim 18, wherein said el ectrode enbedded_in.said
rotatable wafer carrier has substantially the sane Piﬁﬁ;«‘emgﬂ ISHEE er
carrier. 32. The nethod of claim 18, wherein kaj .
enbedded in said rotatable wafer carrier has a di anet ¢r whi ch i

fraction of the diameter of the waferl/3carrier. 7 Mh
claim 18, wherein a first
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with a dianeter which is a fraction of
and a second el ectrode enbedded in said rotatable wafef carri er has lan
H 9%7he

el ectrode enbedded in said rotatable wafer carrier hag=e =1l gﬁa
t he di anet er ofP\ELP Q%Q? A riler
shape with an outer dianeter substantlally the| sqp
di ter greater t ha

annul ar
di aneter of said sem conductor wafer and an inner
the diameter of said first el ect r ode. S
2/3 [
/24
T
13 ("5 | 5;'
12,9 66684 8d o o0 6 g~ 2!

25 S ) LI LHIL LI I TR AR RN

11—
&

FIG. 20

29 27
¥
1
13 \___
15 - ﬁz_;zn oA — g
26
12 o \e"- $EIETT - g 26
o6 e @ 9 21

25'-—E\\§\\ﬁ(\\\
\\\\\\\\\\}\\\\\\\\\

20

FIG. 3

)3
-
b

-

.
LY
.3

L gl

“.bc.. o
ol -
-



34. The nethod of claim33, wherein b
appl i ed between said el ectrode

el ectrodes

of claim 34, wherein said bi

applied potenti al
el ectrode enbedded in said rotatable wafer

an

el ectrode enbedded in said

-directiona
enbedded in said rotata

enmbedded in said rotatable wafer carrier.
-directiona

bet ween about 1 to 10 volts,
carrier and said second

electric fiel

eleckryc.f

mmes .

s are a result of|

bet Sabe=fFET
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CHEMICAL/MECHANICAL PLANARIZATION (CMP) APPARATUS
AND POLISH METHOD

| _ABSTRACT
An improved and new apparatus and process for
chemical/mechanical planarization (CMP) of a substrate
surface, wherein the slurry concentration between the wafer
and polishing pad is controlled through the application of an
| electrice field between the wafer carrier and polishing
Platen, has been developed. The result is an increased

polish removal rate and better uniformity of the

pPlanarization process.

(FIGURE 2a IS SUGGESTED FOR PUBLICATION)



