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A SCALABLE MULTI~-PAD DESIGN FOR IMPROVED CMP PROCESS

(1) Field of the Invention.

The invention relates to the fabrication of Semiconductor
‘Wafers, and more specifically to a method of Chemical ﬁeéhénical
Polishing (CMP) of very 1arge semiconductor wafers of the type
used in the fabrication of Integrated Clrcults.

(2) Description of the Prior Art.

Integrated Circuits are conventlonally fabricated from

‘semiconductor wafers, each wafer contains an array of 1nd1v1dual,.

integrated circuit dies. It is of key importance that the wafer be .

polished to a planar configuration at various stages of the . wafer
processing stages. This requirement becomes increasingly more '

.difficult to adhere to as the size of the wafer increases.

One of the most serious problems inherent in the CMP process’
is non-uniformity of the polishing rate over the entire surface of
. an object to be polished, e.gq. a.semicondgctor'wafer; A non- '
uniform rate of polishing results in not.all surface regions of
the wafer being pblished equally which has a serious detrimental
effect on the yield and reliability of the produced semiconductor
elements. It is therefore of paramount importance to develop
techriology which permits further improving the uniformity of the

polishing rate over the entire surface of the wafer, a requirement
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which becomes even more important as the size of the wafer

increases.

The present invention addresses the problems of wafer
polishing using Chemicél'Mechanical Planarization for wvery large

wafers.

U.S. Patent 5,575,707 (Talieh et al.) teaches a pdlishing pad
cluster for polishing,semiconduétor wafers, the pads do not

rotate.

U.S. Patent 5,230,184 (Bﬁkhﬁan) teaches a plurality of

periodic polishing pads, the pads do not rotate.

U.S. Patent 5,664,989 (Nakata et al.) teaches polishing pads

with air cell mats, this approach is fundamentally different from

the present invention.

U.S. Patent 5,329,734 (Yu) teaches a polishing'pad'which is
divided into two regions each region containing circular holes for

| improved wafer polishing.




-3 -
SUMMARY OF THE INVENTION
According to the present invehtion, a polishing'pad cluster
is provided for polishing very large semiconductor wafers
comprising a plurality of integrated circuit dies. This cluster
includes a pad support and alplurality of polishing pads, each of
the polishing pads rotating in the plane of the wafer (around the-

vertical or Z axis) and each polishing pad individually
controlled. -

A principle object of the present invention is to provide a

method of Chemical Mechanical Polishing (CMP) for very large
wafers. '

Another object of the present invention is to provide

extended control over polishing rates of selected areas within the

semiconducéor wafer being polished.

Another object of the present invention is to maintain

polishing uniformity across the wafer for very iarge wafers.

. Another objeét of the preseht invention is to maintain
process optimization by maintaining tight process parameter

- control £or the processing of very large wafers.
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Another object of the present invention is pad condition

_control and process parameter control across the area of the

entire wafer for very large. wafers.

In-the first embodiment of the present invention the-downﬁard
pressure of the'rotating polishing pad is adjusted via a flexible
membrane which is controlled by a pressure cavity. The interface
between the the flexible membréne and the polishing pad ié formed

by ball-bearings.

In the second embodiment of the present invention the

downward pressure of the rotating polishing pad is adjusted via a

. flexible membrane which is controlled by a pressure cavity. The

inﬁerface-between the the flexible membrane and the polishing pad

~is part of the membrane.

In the phird embodiment of the present invention the downward

.pressure of the rotating polishing pad is cqntrolled'by magnets.

_whiéh form part of the rotating polishing pads.

In the fourth embodiment of the present invention the
downward pressure of the rotating poiishing pad is controlled by

one large magnet which forms'part of the wafer mount chuck

- assembly

In the fifth embodiment of the prﬁseht invention the downward

pressure of the rotating polishing pad i#s controlled by passive
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mechanical weights which are.part of the polishing pads.
BRIEF DESCRIPTION OF THE DRAWINGS_

In the accompanying drawings, forming a ﬁaterial-pari of #he

description, there is shown:

Figs. 1 through 7 schematically-illustfatéia preferred .

 embodiment of the implementation of the present invention.
Fig. 1 is a plan view of the polishing pad assembly of the
present invention.

Fig. 2 is a cross-sectional view taken aloﬁg line 2-2' of’

Fig.1.

Fig. 3 is a cross-sectional view of two polishing pads

mounted in a flexible membrane via ball bearings.

Fig. 4 is a cross-sectional view of a polishing pad mounted

in a flexible membrane where the mounting is part_of-tﬁe.memb;ane;f

Fig. 5 is a cross-sectional viewlof a polishing pad where the
down-ward pressure on the polishing pad is exerted via magﬁets

. which form part of the polishing pad.
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Fig. 6 is a cross-sectional view of a pollshlng pad‘where the
down-ward pressure on the polishing pad.ls exerted via a large

magnet which is mounted on the wafer mounting chuck.

Fig. 7 is a cross-sectional view of a po;ishing pad where. the
down-ward pressure on the polishing pad is exerted via mechanical

weights.
. DETAILED DESCRIPTION OF THE PREFERRED EF_IBODIMENTS

Turning now to the drawings;.Figs.-l. through 7 relate to the
preferred embodiment of the poiishing pad assembly 10 of'the.
present invention. The polishing pad 16 is designed for use in
Chemical Mecheﬁical~?lanarization of a wafer 14 that includes an -

- array on integrated circuit dies. Typically, wafer 14 is mounted
in a non-gimbaling wafer mount which provides a polishing .force in
the 2 direction and rotates wafer 14 about the center of

rotation C.

Referring now more particularly to Fig. 3 there is shown a
cross-section view of an assemblage of polishing pads 16 in .
relation to the iocation of the wafer 14 which is being polished
using the Chemical Mechanical Polishing (CMP) process. Fig. 3
presents, for reasons of drawing simplicity, only two of the
multiplicity of possible rotating polishing pads.

This Sheet Has Been Replaced
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Chuck 12 is made of a flat rigid material, such as stainless
steel, s$o that it supports substrate 14. Substrate';4.is typicaliy_
held on chuck 12 by é'vacuum force that is commonly used and weli.
understood in the semiconductbr art and is not important for
understandlng the present invention. Chuck 12 is attached to a
shaft or a mevement means C that allows movement of chuck 12 in a
vertical direction, a horizontal direction, rotational, and
‘vibrational. It should be understood that when substrate 14 is
held by chuck 12 that movement of chuck 12 is transferred to
substrate 14. Additionally,'any movement can be done
siﬁultaneously, such as vibrational movement while chuck 12 Sldwly

rotates.

‘A polishing process beglns w1th substrate 14 on chuck 12.
Chuck 12- typlcally holds the substrate 14 by use of vacuum source.
A liquid can be applied to the top surface of the substrate 14,
such as a solvent or a slurry; Dispensing methods are well known
and are nof necessary for the understanding of the present

invention.

Chuck 12 with substrate is moved so that contact is made
between substrate 14 and polishing pads 16. Pressure is allowed to
enter cavity 22 through port 24, thereby creating pressure 20
which pushes the flexible membrane 13 in a downward or outward
direction. As a result of this motion, polishing pads 16 are. -

pressed in a downward or outward directijon and conform to the
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unevenness or irreqularities of substrate 14. If, in addition,

each polishing pad 16 has approximately the same size as the die
and if each polishing“pad-is-pésitioded over a single die location
on the substrate 14, this allows for polishing or'planarization of
each individuél die, regardless of how warped or uneven the
substrate 14 may be. Since, in addition, the polishing membrane 13
pushes polishing pads 16 into the substrate 14 with equal force or
pressure, polishing rates for each individual polishing pad are
relatively equal even on an irrégular surface.

The flexible member 13 is attached to the side of the walls
of cavity 22 by means of an edge ring (not shown) which prpvideé

support for the flexible membrane.

The polishing pads for the present invention may be used in

- virtually any appliéation of the chemical mechanical planarization
_ of sehiéonduétor:substrates. Many of the operating parameters when
usihg the pqiishiﬁg pads should be similar to the parameters using
conventional polishing pads. The slurry composition, polishing pad
rotational velocity and substrate rotational velocity are all _
expected to be within the normal operating parameters of polishers

with conventional poliéhing pads.

The shaft 19 on which the polishing pads 16 are mounted
protrude through the flexible membrane 13 and are supported at
each protrusion by ball bearings 18 which enable the polishing pad

to rotate R around its axis. The ball bearings 18 employed are not
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part of the present invention, they'may consist of one'unit per

. polishing pad shaft or of two separate units per polishing pad

shaft. If two separate units are used for the ball bearlngs 18
each of these units is mounted on the flexlble membrane on the
opposite side of the companion unit w1th both units belonging to-

the same protrusion of the polishing shaft.-

The assemblage shown in Fig. 3 contains a driver mechanism 26

‘which stimulates the rotation R for each of the pollshlng pads 16'

This driver mechanlsm 26 can drive all pollshlng pads 16
simultaneously or the driving of_the pollshlng pads can be divided .-
into one or more (multiple) zones. A zone in this context is
understood to mean a functlonal grouplng of one or more polishing
pads such that these polishing pads exhlblt the same
characteristics of control, that is: rotatlon R and. downward
pressure 20, and operation. Multiple drlver zones allow for
selective polishing of the wafer substrate 14 and introduces one
more level of control for the polishing process. This additional
level of control allows for selective polishing of specific'wafer
areas or dies to include different rotating speedsz and different
uses of slurries. The method of implementing drlvernﬁedhanism 26
is not part of this invention althoﬁgh all.normal design
parameters for such a driver mechanism apply. Where this driver
mechanism is unique is that it must rotate the polishing pads 16
while providing a loose mechanical coupling to the polishing_pads
so as not to inhibit the effectiveness of the downward

pressure 20. S '
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Cavity 22 is further equipped with a perforated stabilizer
plate 17 which restrlcts motion of the pollshlng pads in the X and

b4 dlrectlon. This plate may be requlred due to the relatlve 1ength

of the shaft or axis 19 of the polishing pads 16 In camblnatlon
with this, the polishing pad 16 to polishing pad axis 19 interfacée
may be of a design which allows the polishing pad 16 to artlculate
or move in the X-Y fleld thus further allowxng the pad to more
closely adhere to the surface of the wafer that is belng polished.
This feature howeuer is not part of the present invention and can

follow standard semiconductor polishing practices and

implementations.

The indicated stabilizer plate 17 is optional}_this piate'_ﬁ

must be perforated so as not to inhibit the downward pressure 20.

The feed through of the polishing pad axis 19 through the

stabilizer plate 17 must be rigid in the X-Y direction but,hust be'

loosely coupled in the Z direction, again so as not to inhibit or

hinder pressure 20.

Fig. 4 differs from Fig. 3 in the technique used for the
protrusion of the shafts 19 of the pelishihg pads 16 through the
flexible membrane 17. In this embodiment of the preeent inuentioh
no ball bearlngs are used, the opening for protrusion is part of
the flexible membrane.
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Fig. 5 shows an apparatus in cress sectional view where
‘magnets 30 are used. ﬁach polishing pad 16 has one corresponding
| magnet 30; The magnets 30 have an opening.in the center which _
allows the shaft of the pollshlng pad 16 to move freely in the 2
direction. The magnets 30 create a magnetic field which interacts
~with the polishing pad 16 so as to urge the polishing pad 16
toward wafer 14. If desired, the magnets 30 can be designed to
.create magnetic fields which are not uniform for all the magnets
30 applied. For example, in the situation where polishing rates
tend to be greater near the perlphery of the wafer 14 than near
the center, the magnets 30 can provide stronger magnetic forces
near the center of the wafer 14 than near the periphery in ordef
to make the polishing rate more nearly uniform across the surface

of the wafer. The inverse is also possible.

To create the magnetic fields, both permanent magnets and

‘electro magnets can be used.

Fig. 6 shows the cross-sectional view of a wafer polishing
apparatus where a large magnet 36 is mounted on top of and as part
of the wafer chuck assembly 12. An insulating layer 38 insulates
the magnetic field of magnet 36 from the chuck assembly 12 while
also attaching the magnet 36 to the chuck assembly 12. Magnet 36
creates a magnetic field which interacts with the polishing pad 16
 so as to urge the polishing pad toward the wafer. If desired, the
magnet 36 can be designed to create magnetlc fields which are not

uniform across the magnet. For example, in the situation where
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pollshlng rates tend to be greater near the periphery of the wafer-

14 than near the center, the magnet can provide stronger magnetlc

forces-near .the.center of the wafer 14 than near the periphery in
order to make the polishing rate more nearly uniform across the

surface of the wafer. The inverse is also possible.

'To create the magnetic fields; both a permanent magnets and

electro magnetics can be used.

Fig:. 7 shows a cross-sectional view of the wafer polishing
apparatus where mechanical weights have been used to enhance
polishing pad to wafer eontact. These weights can be varied in
size or weight such that the downward pressure exerted on the
polishing pad~cen’be varied resulting;in selectivity of polishing
speed for selected bands or areas or dies within the semiconductorl

wafer which is being polished.

This invention is not limited to the preferred embédiments

'_ described above, and a wide variety of polishing pads and

- polishing pad to polishing-axis joints can be used. A wide variety

of polishing pad material cans also be used combined with or
separate from a large variety of methods to stimulate or move the

polishing pads in either the motion of rotation or in motion in

the Z direction, that is the direction perpendicular to the plane

of the wafer being polished.
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It is therefore intended that the foregoing detailed

descrlptlon be regarded as illustrative rather than llmltlng, and
that it be under;tqod that it 1s-thewfollow1ng'cla1ms, including
_éll equivalents, which are intended to define the scope of this
invention.
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What is claimed is:

1. A scaléble.multi-pad.poiishing head design compiising:

a multiplicity of rotaﬁing polishing pads, wherein each pad is
mounted on a shaft; '

a flexible membrane through whlch said rotating pollshlng pad
shafts are mounted, '

a driving mechanism for the rotation of said rotating polishing
pads; o

a pressurized cavity to which the flexible membrahe is attached
which allows for uniform polishing across the entire surface of
thg semiconductor be’ing pblished; and |

a stabiliziﬁg plate which stabilizes the rotating polishing pads

in the X-Y plane.

2. The scalable multi-pad polishing head of claim 1 wherein the

plurality of polishing pads are comprised of silicon.

3. The scalable multi-pad polishing head of claim 1 wherein the
plurality of polishing pads are coated with a selected material

having a characteristic hardness.

4. The scalable.multi-pad'polishing head of claim 1 wherein the
polishing pads are coated with a material that is selected from
the group comprising diamond and nitride.

This Sheet Has Been R

(A 1}




——

D

- 15 =
5. A scalable multi-pad polishing head design comprising:

"a mult1p11c1ty of . rotatlng polishing pads wherein each pad is

mounted on a.shaft; . .. _ .

a means of urging the rotating poliéhing pad against the
semiconductor substrate being polished; and '

a driving mechanism for the rotation of the rotating polishing

pads.

6. The scalable multl-pad polishing head of claim 5 wherein the

plurality of pollshlng pads are comprised of 5111con.

7. The scalable multi-pad polishing head of claim 5 wherein the
plurality of polishing pads are coated with a selected material

having a characteristic¢ hardness.

8. The scalable multi-pad polishing head of claim 5 where the

polishing péds are coated with a material that is selected from

~ the group combriéing diamond and nitride.

9. A scalable multi—pad polishing head design comprising:

a multiplicity of rotating polishing pads wherein each pad is
mounted on a shaft;

a means for urging the semiconductor being polished agalnst said
rotating pollshlng pad; and

a dr1v1ng mechanism for the rotation of the rotatlng pollshlng

pads,

This Sheet Has Been Rep
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10 The scalable mult:.—pad pbll.:.sh:th1 E'head of claim 9 wherein the
.plurallty_of polishing pads are comp;ased of'salqun.

11.. -i'he' 's§:51ab1e mglt;-paa pol:Lsh:Lng h;aa of claim 9 wherein the
plurality of polishing pads are coated with a selected. material

having a characteristic hardness.

12. The scalable multi-pad polishing head of claim 9 wherein the
polishing pads are coated with a material that is selected from

the group comprising diamond and nitride.

13. A scalable multl—pad pollshlng head assembly for planarlzatlon
of semiconductor wafers compr151ng° '

a flexible membrane, . _

a multltude of flat rotating pollshlng pads mounted on a shaft
"which are functionally attached to sa;d flexible membrane; .

'a means to deliver equal pressure to eaeh individual rotating

- polishing pad across the flexible membrane; _

a substrate chuck having a semiconductor substrate plaeed and held
on said substrate chuck, whereby sald substrate and the
multiplicity of rotatlng pollshlng pads are pressed together so
that the substrate and the mult1p11c1ty of rotating pollshlng pads
are in contact; and

a means of prov1d1ng motion to said substrate chuck.

14. A scalable rotating polishing head assembly of claim 7 wherein

the motion is vertlcal. !
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15. A scalable rotating polishing head assembly of claim 7 whereln

- the motion is horizontal.

16. A scalable rotating pollshlng head assembly of clalm 7 whereln

the motlon 1S rotational.

17. A scalable rotating polishing head assembly of claim 7 wherein

~ the motion is vibrational.:

18. A scalable rotating polishing head assembly of claim 7 wherein

" the motion is wvertical.

19. A scalable multi-pad pdiishing'head desién comprisiﬁé:

a multiplicity of rotatihg polishing pads ﬁhereiﬁ'each is mounted
on a shaft; | - ' . | o

a flexible membrane through which the rotating péLishing pids”aré_
mounted; | _. . | _ _' o
a driving mechaﬂiéh for the rotation of said'rotating poiishing
pads; |

a pressurized cavity to which the flexible membrane-is attached to
apply pressure to said polishing pads to cause the pads to press
against said substrate which allows for uniform pblishing across
the entire surface of the semiconductor being polished;

a stabilizing plate holding each said‘shaft_for stabilizing the
rotating polishing pads in the X-Y plane; o
a substrate chuck having a semiconductor substrate pLgCed-andiheld

on said semiconductor substrate chuck, whereby'the multiplicity of

This Sheet Has Been Replaced
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dies contacts the mnltiplicity of rotating polishing pads;

a means for selectively controlling the rotation speed of the

' rotating polishing pads; ' o

a means for grouping the rotating polishing pads into polishing
‘zones; and ' '

a means for prov1ding motion to the substrate that is held on the__
substrate chuck against the multiplicity of rotating polishing

pads, wherein the lnleldual-Slllcon polishing pad is grooved.

20, A scalable multi-pad polishing head design compriSing;

a multiplicity of rotating polishing pads comprising:

a means for urging the rotating polishing pad against the

semiconductor being polished; ' | o

a driving mechanism for the rotation of the rotatingﬁéolishing' |

pads; o

a substrate chuck having a semiconductor substrate with a ;

multiplicity of dies placed and held on the substrate chuck,

"whereby the multiplicity of dies and the multiplicity of rotating
polishing pads are pressed together so that the multiplicity of

| dies contacts the multiplicity of rotating polishing pads;

~a means for selectively controlling the rctaﬁion speed of the

rotating polishing pads; ' '.

a means for grouping the rotating polishing pa&s into polishing

zones; and | _

a means for providing motion to the substrate tnat is held on the

substrate chuck against the multiplicity of rotating pclishing

pads, wherein the individual silicon polishing pad is grooved.
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21. A method of planarizing a semiconductor substrate comprising:
providing a semiconductor substrate;

providing a distributed polishing head w1th a plurallty of flat
rotating polishing pads mounted on shafts in which each of said
flat rotating polishing pads can be of a size aimed at polishing
efficiencies or requirements for the overall semiconductor wafer
being polished; and _ .

pressing the plurality of rotating polishing heads together with
the semiconductor wafer in such a manner that the semiconductor
wafer is in contact with said rotating polishing pads, thereby"-
providing individual polishing pads for the individual dies within

the wafer or for other areas within the semiconductor wafer.

22. The method for planarizing of claim 21 wherein said plurality
of rotating polishing pads are divided into zones of said rotating
polishing pads éﬁch ﬁhat the rotation-speed for each individual |
rotating pad or of one or more zones can be controlled independent
of all other zones resulting in selectlve planarization of the -

semlconductor'wafer.

23. The method of claim 21 wherein each of said flat rotating
polishing pads is in size approximately equal to each of the.dies
of the-séﬁiconductor wafer to a size aimed at polishing
efficiencies or requirements for the overall semiconductor wafer

. being polished.
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