A METHOD TO PREYENT DISHING IN DAMASCENE CMP PROCESS

Background of Invention

1) Field of the Invention

This invention relates generally to fabrication of
metal lines in semiconductor devices and more particularly to
the fabrication of metal lines using a damascene chemical-

mechanical polish process that prevents dishing.
2) Description of the Prior Art

Low resistivity metal such as aluminum and cooper
and their binary and ternary alloys have been widely explored
as fine line interconnects-in semiconductor manufacturing.
Typical examples of fine line interconnect metal include Al.Cu,,
ternary alloys Al - Pd-Cu, and Al-Pd - Ni and Al-Cu-Si and
other similarly low resistivity metal based alloys; Emphasis on-
scaling down line width dimensions in very large scale
integrated (VLSI) circuitry manufacture has led to reliabilityé
problems including inadequate isolating, electromigration, and

planarization.



Damascene processes using metal filling vias and
\ _ )
lines followed by chemical-mechanical polish (CMP) w;th various
Al, Cu, and Cu-based alloys are a key element‘of wiring
technologies‘fOr very large-scale system integration.
Damascene and dual damascene processeslare described‘C.Y.

Chang, S.M. Sze, in ULSI Technology, by The McGraw-Hill

Company, INC. copyright 1997, pp. 444-445,

As the invéntor's damascene and dual damascene
processes have been implemented with soft metals (e.g., metals
such as Al-Cu, Cu, allch of Al etc.) the inventor hés found
that the CMP process has cauged a dishing problem in the top
surface of the metal lines. That is the CMP process removed
more material in the center of the metal lines that at the
edges thus causing an indentation or dishing problem.

Preventing this dishing is the main object of this invention.

The importance of overcoming the various
deficiencies noted above is evidenced by thé éxteﬂsive
technalogical development directed to the subject, as
| documented by the relevant patent and techniéal'litérature.

The closest and apparently more relevant technical developments

in the patent literéture can be gleaned by considering:



uUs 5;73i,245(Joshi et al) shows a damascene CMP method using a
: '

hard cap layef 30 over a metal layer (Al or Cu). US

5,441,094 {Pasch) shows a CMP process for planarizing trenches.

Us 5,385,867(Udea et al.) showé a various Cu or Al wire

étructures that can be planarized by CMP. US .

5,677,244 (Venkatraman) shows a damascene structure using Al

or/and Cu that is planarized by CMP.
Summary of the Invention

It is an object of the preéent invention to provide

a method for fabricating a metal line or interconnect using a

damascene process that preventing dishing of the metal line.

It is an object of the present invention to provide

a method for fabricating a metal line or interconnect (Al or Cu

alloys) using a CMP damascene process that preventing dishing

of the metal line.

To adcomplish the above objectives, the present
invention provides a method of fabrication qf a metal lines
"using damascene and chemical-mechanical ?dlish'process in a
semiconductor devicef A_Key feature is the hard cap layer 40

is 6nly formed over thé trench dpening 14, The hard cap layer



prevents dishihg of the metal.line and also allows faster CMP

’ ]
than blank polish stop layers.

" 'The method includes formihg a first dielectric
layer 12 having a first trench opening 14 over a semiconductor
stﬁucture 10. A nmetal layer 20.is deposited in thé first
trench opening. The metal layer preferably has a dimple 22.

The metal layer is preferably compbsed of Al-alloys or Cu. A
hard mask 30 is formed having a first opening 32 over the first
trench opening 14. The hard mask.is preferably composed of
oxide and SiN. The first opening 32 is at least partially over
first trench opening 14. A hard cap layer 40 (e.g., W or WSixi
is selectively deposited on the metal layer exposed in the
first opening 32 at least partially over the trench opening.
The hard cap layer 40, the hard mask 30, and the metal layer
are chemical-mechanical polished to completely remove the hard
mask 30 resulting iﬁ a metal line 40 20 having a "dishing free™
flat top surface. The chemical-mechanical polish rate of the

hard cap 40 is less than the rate of the metal layer 20.

Benefits

The present invention prevents chemical-mechanical

polish dishing problem on metal lines. The inventors have



found a new problem of dishing of metal lines by chemical-
mechanicél polish ;rocesses. The invention prevents dishing of
metal lines by using a hard mask to selectively form a hard cap
40 over the trénch opening 14. The combiﬁation of the hard

mask and hard cap 40 is critical to forming metal lines with

flat surfaces.

The inventor has found that the combination of the
hard mask and hard cap 40 is far superior to a technique that
forms a blanket hard cap layer_ovef the entire wafer surface
and the chemical—mgchahical polishes the blanket hard cap lager
down to the metal layer. The inventor have found that blanket

stop layer increase the dishing problem on metal lines.

It is important to note that the inventors
discovered the intetconnect dishing problém because of their
analysis and product procesé sensitivity. The discovery of the
problen lead the inventor to discover an effective solution to

prevent dishing while being a highly-manufacturable process.

Also, the invention only forms the hard cap 40 over:
the t:ench opening 14 and dimple 22. This allows faster
chemical~-mechanical polishing compared to blank polish stop

layers and also reduces the amount of dishing.




Additional objeéts and advantages of the invention
will be set forth iﬂ the description that follows, and in part
will be obvious from the description, or ma§ be learned by
practice of -the invention. The objects and advantages of the
invention may be realized and obtained by means of

instrumentalities and combinations particularly pointed out in

the append claims.
Brief Descriptioh of the Drawings

The features and advantages of a.semiconductor
device according to the present invention and further détails' |
of a prbcess of fabricating such a semiconductor device in
accordance with the present invention will be more cleaily
understood from the following description taken in conjunction
~with the accompanying drawings in which like feference numerals
designate similar or corresponding elements, fegions and

portions and in which:

Figures 1, 2, 3,and 4 are cross sectional views for

illustrating a method for forming a metal line using a

damascene process according to the present invention.



Detailed Description of the Preferred Embodiments

The present invention will be described in detail
with refefence to the accompanying drawings. In the following
description numerous specific details are set forth such as
flow rates, pressure settings, thicknesses, etc., in ‘order tp
provide a more thorough understanding of fhe present invention.
It will be obvious, howéver, to one skilled in the-art_thaf the
bresent invention may be practiced without these details. 'In
other instanqes, well known érocesses have not be described in

detail in order to not unnecessarily obscure the present

invention. _ i

It should be recognized that many publications
describe the details of common techniques used in the
fabrication process of integrated circuit components. See,
E.g., C.Y. Chang, S.M. Sze, in ULSI Technology, by The McGraw-
Hill Company, Inc. copyright 1997; pp. 444 & 445. Those
techniques can be generally employed in the fabrication of the
structure of the.present invention. Moreover, the individual
steps of such a process caﬁ be perfo;med using commercially
available integrated circuit fabrication machines. As
specifically necessary to than understanding of the present

invention, exemplary technical data are set forth based upon



current technology. Future developments in the art may call

for appropriate adjus%ments as would be obvious to one skilled

in the art.

The present invention provides a method of
fabrication of a metal lines (and/ or interconnects)'using a

damascene chemical-mechanical polish process in a semiconductor

device.

Fig 1 shows the step of forming first dielectric
layer 12 having a first trench opening 14 over a semiconductor

structure 10. The first dielectric layer can be comprised of -

several layers.

The first trench opening 14 preferably has a width
in a range of between about 0.8 um and 10 pm and a depth in a

range of between about 0.4 and 1.0 um The inventors have found

tha; dishing starts at a minimum width of the trench opening 14

of about 0.8 pum. The first trench'opening can have any shape,

such as dual damascene shaped openings.

The first dielectric layer 12 is preferably

composed of silicon oxide (SiO;) or silicon nitride.(SiN), and

has a thickness in a range of between about 0.2 um and 0.8 pm;



Next, a metal layer 20 is deposited in the first
trench.opening. The Aetal layer has a dimple‘zz. The metal
lafer 20 is preferably deposited by chemical vapor deposition
(CVD) or Phyéical Vapor Deposition (PVD). The metal léyer
composed of Al, Al-alloys, Cu or Cu alloys. The inventor has‘

found that metal layers formed of particularly AlCu Ni have the

dishing problem. The diﬁple 22 preferably has a depth in a
range of between about 0.2 and 1.0 pum, and a diameter in a range

of between about 0.4 and 9 um. Dimples are features of many
deposition techniques.

Fig 2 shows the step of forming a hard mask having
a first opening 32 over the first trench opening 14. The hard
mask is preferably composed of oxide or silicon nitride (SiN).
The hard mask preferably has a thickness in a range of between

about 500 and 1500 A.

Fig 3 - shows the selectively deposition a hard cap.
layer 40 on the metal layer exposed in the first opening 32.
The hard cap léyer 40 is preferably composed of W, WN (Tungsten_
nitride), or Tungsten silicide (WSix). The chemical-mechanical ?
polish rate of the hard cap 40 is less than the rate of the

metal layer 20.
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Fig 4 shows the chemical-mechanical polishing of

]
- the hard cap layer 40, the hard mask 30 and the metal layer to
completely remove the hard mask 30. This results in a metal

£

line 40 20 having a "dishing free" flatﬁVéop surface.

The chemical-mechanical polish rate of the hard cap
40 is less than the rate of the metal layer 20. The chemical-
mechanical polish ratio between the hard cap layer 40 to the

metal layer 20 is between 1: 10 and 1:50.

While the invention has been particularly shown and
described with reference to the preferred embodiments 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.

h v matt 1t e s
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CLAIMS

1. A method of fabrication of a metal lines using damascene
and chemical-mechanical polish processes in a semiconductor
dévice, comprising'the steps of:

a) forming first diélectric layer having a first trench
opening over a semiconductor structure;

b) depositing a metal layer in said first trench
opening; said metal layer having a dimple over said
“trench opening; |

c) forming a hard mask having a first opening over said
first trench opening; said first opéning exposing said-
metal layer;

d) selectively depositing a hard cap layer on said metal
layer over said trench opening; and

e) chemical-mechanical polishing said hard cap layer,
said hard mask, and said metal layer to completely
remove said hard mask resulting in a metallline having

a "dish free" flat top surface.

2. The method of claim 1 wherein said first trench opening
having a_width.in a range of between about 0.8 and 10 um, and

a depth in a range of between about 0.4 and 1.0 pm .
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3. The method of claim 1 wherein said dielectric layer is
: ]
composed of a material selected from the group consistipg of

silicon oxide and silicon nitride, and has a thickness in a
range of'befween about 0.2 and 1.0 um.

4. The method of claim 1 wherein said dimple havinq a depth
in a range of between about 0.2 and 1.0 um.

5. The method of claim 1 wherein said hard mask has a
thickness in a range of between about 500 and 1500 A and is
composéd of a material selected from the group consisting of
oxide and silicon nitride.

6. ' The method of claim 1 wherein said cap layer is composed
of a material selected from the group consisting of tungsten,
tungsten nitride (WN) and tungsten silicide.

7. The chemical-mechanical polish rate of said hard cap is
less than the rate of‘said metal layer; the chemical-
mechanical polish rate ratio between said hafd cap layer to
said metal 1ayer is between 1; 10 and 1:50.

8. The methéq_of claim 1 wherein said metal layer is
deposited by a process selected from the group consisting of
chemigal vapor depositiop (CVD).and Physical Vapor Deposition
(PVD), said ﬁetal layer composed of a material selected from

the group consisting of Al, Al alloys, Cu, and Cu-alloys.
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9. A method of"fabr%Fation of a metal lines using damascene
and chemical-mechanical poiish processes in a semiconductor
device, comprising tﬁe steps of:

a) forming first dielectric layer having a firéf trench
opening over a semiconductor structure; said First
trench opening having a width in a range of between
about 0.8 and 10 pm,

b) depositing a metal layer in said first trench opening;
said metal layer having a dimple; said metal layer
_comprised of Al and Cu; said dimple having a depth in a
range.of between about 0.2 and 1.0 um;

c) forming a hard mask having a first openiﬁg at over
said first trench opening;

d) selectively depositing a hard cap layer on said metal
layer in said first opening; said hard cap layer
composed of a material selected from the group
consisting of W , tungsten nitride (WN) and tungsten.
silicide;

e) chemical-mechanical polishing said hard cap layer,
said hard mask and said métal layer to completely
remove said hard mask resulting in a metal line having
a "dishing free" flat top surface; the chemical~-

mechanical polish rate of said hard cap is less than
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the rate of said metal 1aygr; the chemical-mechanical
. [ 4
polish rate ratio between said hard cap layer to said

metal layer is between 1:10 and 1:50.

10. A method of fabrication of a metal lines using damascene
and chemical-mechanical polish processes in a semiconductor
deviée, comprising the steps of:

a) forming first dielectric layer héving a first trench
opening over a semiconductor structure; said first

trench opening having a width in a range of between

about 0.8 and 10 pm, and a depth in a range of between
about 0.4 and 1.0 um;

b) depositing a metal layer in said first trench opening;
said metal layer having a dimple, said meta1 layer
deposited by a process selected from the group
consisting of chemical vapor depoéition (CVD) and
Physical Vapor Deposition (PVD); said metal layer
comprised of Al and Cu; said dimple having a depth in:a
range of between about 0.2 and 1.0 pm;

c) fo:ming a hard mask having a first 6pening at over

said first trench opening; said hard mask composed of a
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material seleFted from the group consisting_of oxide
and silicon nitride; _ .

d} selectively depositing a hard cap layer on said metal
laye? in said first opeﬁing; said hard cap layer
composed of a material selected from the group
consisting of tungsten, tuhgsten nitride (WN) and
tungsten silicide; |

e) chemical-mechanical polishing said hard cap layer,
said hard mask and said metal layer to completely_
remove said hard mask resulting in a metal line having
a "dishing free" flat top surface; the chemical-
mechanical polish rate of said hard cap is less thén
the rate of said metal layer; the chemical-mechanical
polish rate ratio between said hard cap layer to said
metal layer is between 1: 10 and 1:50.

11. The method of claim 10 wherein said first dielectric layer
composed of a material selecfed from the group consisting of
silicon oxide and silicon nitride, and has a thickness in a
range of between about 0.2 and 1.0 um.

12. The method of claim 10 wherein said hard mask has a

thickness in a range of between about 500 and 1500 A.




