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DIFFERENTIAL PRESSURE CHEMICAL
MECHANICAL POLISHING IN
INTEGRATED CIRCUIT INTERCONNECTS

Because of the drawbacks, pure refractory metals such as
tantalum, titanium, or tungsten are deposited on the adhesion

layer to line the adhesion layer in the ?rst channel openings.
The refractory metals are good barrier materials, have loWer
electrical resistance than their nitrides, and have good adhe

TECHNICAL FIELD

The present invention relates generally to semiconductor
technology and more speci?cally to chemical-mechanical

sion to copper.
In some cases, the barrier material has sufficient adhesion

polishing in semiconductor processing.

to the dielectric material that the adhesion layer is not
required, and in other cases, the adhesion and barrier mate
rial become integral. The adhesion and barrier layers are
often collectively referred to as a “barrier” layer herein.

BACKGROUND ART

In the manufacture of integrated circuits, after the indi
vidual devices such as the transistors have been fabricated in
and on the semiconductor substrate, they must be connected

together to perform the desired circuit functions. This inter
connection process is generally called “metalliZation” and is
performed using a number of different photolithographic,

For conductor materials such as copper, Which are depos
15

The seed layer, generally of copper, is deposited to act as an

electrode for the electroplating process.
A ?rst conductor material is deposited on the seed layer
and ?lls the ?rst channel opening. The ?rst conductor
material and the seed layer generally become integral, and

deposition, and removal techniques.
In one interconnection process, Which is called a “dual

damascene” technique, tWo channels of conductor materials

are separated by interlayer dielectric layers in vertically
separated planes perpendicular to each other and intercon

are often collectively referred to as the conductor core When

discussing the main current-carrying portion of the channels.
A chemical-mechanical polishing (CMP) process is then

nected by a vertical connection, or “via”, at their closest

point. The dual damascene technique is performed over the

ited by electroplating, a seed layer is deposited on the barrier
layer and lines the barrier layer in the ?rst channel openings.

25

used to remove the ?rst conductor material, the seed layer,

individual devices Which are in a device dielectric layer With

and the barrier layer above the ?rst channel dielectric layer

the gate and source/drain contacts, extending up through the

to form the ?rst channels. When a layer is placed over the
?rst channels as a ?nal layer, it is called a “capping” layer

device dielectric layer to contact one or more channels in a

?rst channel dielectric layer.

and the “single” damascene process is completed. When

The ?rst channel formation of the dual damascene process
starts With the deposition of a thin ?rst channel stop layer.

additional layers of material are to be deposited for the dual
damascene process, the capping layer also functions as an
etch stop layer for a via formation step.
The via formation step of the dual damascene process
continues With the deposition of a via dielectric layer over
the ?rst channels, the ?rst channel dielectric layer, and the
capping or via stop layer. The via stop layer is an etch stop

The ?rst channel stop layer is an etch stop layer Which is
subject to a photolithographic processing step Which

involves deposition, patterning, exposure, and development

35

of a photoresist, and an anisotropic etching step through the
patterned photoresist to provide openings to the device
contacts. The photoresist is then stripped. A ?rst channel
dielectric layer is formed on the ?rst channel stop layer.

layer Which is subject to photolithographic processing and
anisotropic etching steps to provide openings to the ?rst
channels. The photoresist is then stripped.

Where the ?rst channel dielectric layer is of an oxide
material, such as silicon oxide (SiOZ), the ?rst channel stop
layer is a nitride, such as silicon nitride (SiN), so the tWo

layers can be selectively etched.
The ?rst channel dielectric layer is then subject to further
photolithographic process and etching steps to form ?rst
channel openings in the pattern of the ?rst channels. The

A via dielectric layer is formed on the via stop layer.
Again, Where the via dielectric layer is of an oxide material,
45

photoresist is then stripped.
An optional thin adhesion layer is deposited on the ?rst
channel dielectric layer and lines the ?rst channel openings
to ensure good adhesion of subsequently deposited material
to the ?rst channel dielectric layer. Adhesion layers for
copper (Cu) conductor materials are composed of materials
such as tantalum (Ta), titanium (Ti), tungsten (W), and their
nitrides Which are good barrier materials and have good

such as silicon oxide, the via stop layer is a nitride, such as
silicon nitride, so the tWo layers can be selectively etched.

The via dielectric layer is then subject to further photolitho
graphic process and etching steps to form the pattern of the
vias. The photoresist is then stripped.
A second channel dielectric layer is formed on the via

dielectric layer. Again, Where the second channel dielectric
layer is of an oxide material, such as silicon oxide, the via
stop layer is a nitride, such as silicon nitride, so the tWo
layers can be selectively etched. The second channel dielec
55

adhesion to the dielectric materials.

Good barrier materials provide resistance to the diffusion
of copper from the copper conductor materials to the dielec
tric material. High barrier resistance is necessary With con
ductor materials such as copper to prevent diffusion of

tric layer is then subject to further photolithographic process
and etching steps to simultaneously form second channel
and via openings in the pattern of the second channels and
the vias. The photoresist is then stripped.
An optional thin adhesion layer is deposited on the second
channel dielectric layer and lines the second channel and the

via openings.

subsequently deposited copper into the dielectric layer,

Abarrier layer is then deposited on the adhesion layer and
lines the adhesion layer in the second channel openings and

Which can cause short circuits in the integrated circuit.

poor adhesion to copper and relatively high electrical resis

the vias.
Again, for conductor materials such as copper and copper

tance.

alloys, Which are deposited by electroplating, a seed layer is

HoWever, these nitride compounds also have relatively

65
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deposited on the barrier layer and lines the barrier layer in
the second channel openings and the vias.

FIG. 2 (PRIOR ART) is a cross-section of FIG. 1 (PRIOR

ART) along line 2—2;

A second conductor material is deposited on the seed

FIG. 3 (PRIOR ART) shoWs a step in the chemical
mechanical polishing process Which depicts the non
planarity of a prior art semiconductor Wafer;

layer and ?lls the second channel openings and the vias.
A CMP process is then used to remove the second

conductor material, the seed layer, and the barrier layer
above the second channel dielectric layer to simultaneously
form the vias and the second channels. When a layer is
placed over the second channels as a ?nal layer, it is called

a “capping” layer and the “dual” damascene process is

FIG. 4 shoWs a side vieW of a step in the chemical

mechanical polishing process and depicts the planarity of a
semiconductor Wafer made in accordance With the present
10

FIG. 5 shoWs a cross-section of FIG. 4 taken along line
5—5 With a schematic representation of one mode of

completed.

practicing the present invention.

Individual and multiple levels of single and dual dama
scene structures can be formed for single and multiple levels
of channels and vias, Which are collectively referred to as
“interconnects”.

15

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring noW to FIG. 1 (PRIOR ART), therein is shoWn

The use of the single and dual damascene techniques
eliminates metal etch and dielectric gap ?ll steps typically
used in the metalliZation process. The elimination of metal
etch steps is important as the semiconductor industry moves
from aluminum

invention; and

a plan vieW of a semiconductor Wafer 100 having as inter
connects ?rst and second channels 102 and 104 connected
by a via 106. The ?rst and second channels 102 and 104 are

respectively disposed in ?rst and second dielectric layers

to other metalliZation materials, such as

108 and 110. The via 106 is an integral part of the second
channel 104 and is disposed in a via dielectric layer 112.

copper, Which are very difficult to etch.

One of the major problem areas in this technology relates

The term “horizontal” as used in herein is de?ned as a

to the CMP process Where a rotary pad is used With a 25 plane parallel to the conventional plane or surface of a Wafer,

chemical polishing solution to planariZe the semiconductor
Wafer. After deposition of the barrier layer and the seed
layer, the electroplating process deposits conductor core

such as the semiconductor Wafer 100, regardless of the
orientation of the Wafer. The term “vertical” refers to a

direction perpendicular to the horiZontal as just de?ned and
the thickness of the channels and dielectric layers are
measured in the vertical direction. Terms, such as “on”,

material Which can have a random thickness variation of up

to tWo percent. The conventional rotary polishers polish the
conductor material sloWer at the edges of the semiconductor
Wafer than at the center of the semiconductor Wafer. Thus,
in order to remove all of the conductor material above the
barrier layer, over-polishing is required at the center of the
semiconductor Wafer. This results in a non-planar semicon
ductor Wafer and rejected or marginal integrated circuits at
the center of the semiconductor Wafer.
As Wafers increase in siZe, the non-planarity of the
semiconductor Wafer becomes a greater and greater prob
lem.
A solution to this problem has been long sought but has
long eluded those skilled in the art.
DISCLOSURE OF THE INVENTION

“above”, “beloW”, “side” (as in “sideWall”), “higher”,
“loWer”, “over”, and “under”, are de?ned With respect to the

horiZontal plane.
35

Generally, metal contacts are formed in the device dielectric
layer 116 to connect to an operative semiconductor device

(not shoWn). This is represented by the contact of the ?rst
channel 102 With a semiconductor contact 118 embedded in
45

The present invention provides a method for manufactur
ing an integrated circuit having a semiconductor substrate

a neXt channel stop layer 124 (not shoWn in FIG. 1).
The ?rst channel 102 includes a barrier layer 126, Which
could optionally be a combined adhesion and barrier layer,

dielectric layer. A barrier layer is deposited to line the

and a seed layer 128 around a conductor core 130. The
55

achieved and the conductivity of the channels is improved.
The above and additional advantages of the present inven
tion Will become apparent to those skilled in the art from a

reading of the folloWing detailed description When taken in

conjunction With the accompanying draWings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (PRIOR ART) is a plan vieW of aligned channels
With a connecting via;

the device dielectric layer 116. The various layers above the
device dielectric layer 116 are sequentially: the ?rst channel
stop layer 114, the ?rst channel dielectric layer 108, a via
stop layer 120, the via dielectric layer 112, a second channel

stop layer 122, the second channel dielectric layer 110, and

With a semiconductor device. A dielectric layer is formed on
the semiconductor substrate and an opening is formed in the

opening and conductor core is deposited to ?ll the channel
opening over the barrier layer. The semiconductor Wafer is
subjected to chemical-mechanical polishing using a differ
ential pressure from the center of the semiconductor Wafer
to the outer edge causing the semiconductor Wafer to be
planar. As a result, improved channel thickness control is

Referring noW to FIG. 2 (PRIOR ART), therein is shoWn
a cross-section of FIG. 1 (PRIOR ART) along line 2—2. A
portion of the ?rst channel 102 is disposed in a ?rst channel
stop layer 114 and is on a device dielectric layer 116.

65

second channel 104 and the via 106 include a barrier layer
132, Which could also optionally be a combined adhesion
and barrier layer, and a seed layer 134 around a conductor
core 136. The barrier layers 126 and 132 are used to prevent
diffusion of the conductor materials into the adjacent areas
of the semiconductor device. As shoWn, conventional barrier
layers 126 and 132 have a thickness “T” since they are used
as a chemical-mechanical polishing (CMP) stop for the CMP
of the conductor cores 130 and 136. The thickness “T” is
required because it is dif?cult to stop at the conductor core
to barrier layer interface and it is eXpected that some of the
barrier layer Will be eroded before the CMP process is able
to stop.
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The seed layers 128 and 134 form electrodes on Which the
conductor material of the conductor cores 130 and 136 is

greater at the peripheral region of the semiconductor Wafer
200 proximate the air cylinders 220 and 229 than in the
regions proximate the center of the semiconductor Wafer 200

deposited. The seed layers 128 and 134 are of substantially

near air cylinders 223 and 224 Will produce a semiconductor
Wafer layer 202 Which is not subject to uneven CMP and to

the same conductor material as the conductor cores 130 and

136 and become part of the respective conductor cores 130
and 136 after the deposition.
Referring noW to FIG. 3 (PRIOR ART), therein is shoWn
a step in the CMP process of the semiconductor Wafer 100.

The semiconductor devices (not shoWn), the device dielec
tric layer 116, the ?rst channel stop layer 114, the ?rst
channel dielectric layer 108, the barrier layer 126, the seed

channel thickness control problems.
As Would be evident, subsequent CMP operations can use
the same differential CMP process of the present invention.
10

thereof, and a combination thereof. The seed layers and

layer 128, and the conductor core 136 have all been depos

conductor cores are of materials such as copper (Cu),

ited and are generally referred to as a semiconductor Wafer

layer 150.

In the best mode, the barrier layers are of materials such

as tantalum (Ta), titanium (Ti), tungsten (W), nitrides

15

copper-base alloys, aluminum (Al), aluminum-base alloys,
gold (Au), gold-base alloys, silver (Ag), silver-base alloys,

A CMP slurry solution 152 has been dispensed and is
forced against the semiconductor Wafer layer 150 by a

and a combination thereof. The dielectric layers are of
silicon dioxide (SiO,) or a loW dielectric material such as

polishing pad 154, Which rotates on a shaft 156. The rotation
of the pad 154 and of the CMP solution 152 causes an
over-polishing of conductor core material in the region 158

HSQ, Flare, silica loW-k (SiLK), p-SiLK, etc. The stop
layers are of materials such as silicon nitride (SiN) or silicon

oxynitride (SiON).

near the center of the semiconductor Wafer 100 and less

While the invention has been described in conjunction
With a speci?c best mode, it is to be understood that many

polishing near the region 160 at the outer perimeter. The

vertical dimension of the overpolishing is exaggerated.
25

Referring noW to FIG. 4, therein is shoWn a side vieW of
a step in the CMP process in accordance With the present

invention. The semiconductor devices (not shoWn), a device
dielectric layer, a ?rst channel stop layer, a ?rst channel
dielectric layer, a barrier layer, a seed layer, and a conductor

to-fore set forth or shoWn in the accompanying draWings are
to be interpreted in an illustrative and non-limiting sense.
The invention claimed is:
1. A method of manufacturing an integrated circuit com

core have all been deposited and are generally referred to as
a semiconductor Wafer layer 202.

The CMP process includes dispensing of a CMP slurry
solution 204, Which is forced into contact With the semi

conductor Wafer layer 202 by a linear polisher 206.
The linear polisher 206 includes a linear pad belt 208,

alternatives, modi?cations, and variations Will be apparent
to those skilled in the art in light of the aforegoing descrip
tion. Accordingly, it is intended to embrace all such
alternatives, modi?cations, and variations that fall Within the
spirit and scope of the included claims. All matters hither

35

prising:
providing a semiconductor Wafer having a center and a

periphery, the semiconductor Wafer having a semicon

ductor device provided thereon;

Which moves in the direction 210 on a pair of rollers 212 and

forming a dielectric layer on the semiconductor Wafer;

214. The linear pad belt 208 is kept ?at by a pressure plate
216, Which is held in place by a number of holding
mechanisms, such as a series of air cylinders, of Which one

forming an opening in the dielectric layer;
depositing a barrier layer to line the opening;

air cylinder 224 is shoWn. The linear polisher 206 is also

depositing a conductor core over the barrier layer to ?ll

capable of being reciprocated along the direction of the

the opening and connect to the semiconductor device;
and

linear pad belt 208 in a direction 207.
Referring noW to FIG. 5, therein is shoWn a cross-section
of FIG. 4 taken along line 5—5 With a schematic represen
tation of one mode of practicing the present invention. The
linear polisher 206 is shoWn With a series of air cylinders

45

chemical-mechanical polishing the conductor core on the
semiconductor Wafer using a differential pressure
betWeen the center of the semiconductor Wafer and the

periphery of the semiconductor Wafer, the chemical
mechanical polishing uses a reciprocating linear pol

220—229 disposed Within the linear pad belt 208 and apply
ing varying degrees of pressure to the pressure plate 216.

isher.
2. The method of manufacturing an integrated circuit as

The setup, supports, and connections are not shoWn but

claimed in claim 1 Wherein chemical-mechanical polishing
uses air pressure to apply differential pressure increasing
from the center of the semiconductor Wafer to the periphery
of the semiconductor Wafer.
3. The method of manufacturing an integrated circuit as
claimed in claim 1 Wherein depositing the conductor core
deposits a material selected from a group consisting of

Would be evident to those having ordinary skill in the
mechanical arts.

By applying air pressure Which decreases from air cylin
der 220 to air cylinder 223, and then starts to increase from
air cylinder 224 to air cylinder 229, a differential pressure
can be applied to the pressure plate 216 so as to assure a

planar surface on the semiconductor Wafer layer 202 Which
is equal to or under tWo percent. The present invention is
referred to as “differential CMP” is because of the differ

55

copper, aluminum, gold, silver, a compound thereof, and a
combination thereof.
4. The method of manufacturing an integrated circuit as

ential force from one portion of the semiconductor Wafer
claimed in claim 1 Wherein depositing the barrier layer
200 to another.
65 deposits a material selected from a group consisting of
In one embodiment, it has been determined that a pressure
tantalum, titanium, tungsten, a compound thereof, and a

applied to the semiconductor Wafer of betWeen 0.5 to 1.5 psi

combination thereof.
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5. The method of manufacturing an integrated circuit as

7. The method of manufacturing an integrated circuit as

claimed in claim 1 Wherein chemical-mechanical polishing

claimed in claim 6 Wherein chemical-mechanical polishing
uses air pressure applied through air cylinders to apply

uses differential pressure increasing from the center of the
semiconductor Wafer to the periphery of the semiconductor
Wafer.
6. A method of manufacturing an integrated circuit com

differential pressure increasing from the center of the semi
conductor Wafer to the periphery of the semiconductor
Wafer.
8. The method of manufacturing an integrated circuit as
claimed in claim 6 Wherein depositing the seed layer and the

prising:
providing a semiconductor Wafer having a center and a

conductor core deposits materials selected from a group

periphery, the semiconductor Wafer having a semicon

consisting of copper, gold, silver, a compound thereof, and

ductor device provided thereon;

a combination thereof.

forming a device layer on the semiconductor Wafer;
forming a channel layer on the device layer;

forming a channel opening in the channel layer;
depositing a barrier layer to line the channel opening;
depositing a seed layer on the barrier layer;
depositing a conductor core to ?ll the channel opening
and connect to the semiconductor device; and
chemical-mechanical polishing the conductor core on the
semiconductor Wafer using a differential pressure
betWeen the center of the semiconductor Wafer and the

periphery of the semiconductor Wafer, the chemical
mechanical polishing uses a reciprocating linear pad

belt polisher.

15

9. The method of manufacturing an integrated circuit as
claimed in claim 6 Wherein depositing the barrier layer uses
a material selected from a group consisting of tantalum,
titanium, tungsten, a compound thereof, and a combination
thereof.
10. The method of manufacturing an integrated circuit as
claimed in claim 6 Wherein chemical-mechanical polishing
uses differential pressure increasing from the center of the
semiconductor Wafer to the periphery of the semiconductor
Wafer Wherein the pressure at the outer edge is from 0.5 to

1.5 psi higher than the pressure at the center.

