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HIGH-K MOM CAPACITOR
BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

The present invention relates to a method of
fabricating a metal-oxide-metal capacitor, and more
particularly, to a method of forming an improved metal-oxide-
metal capacitor having high'diéleétric constant in the

fabrication of an integrated circuit device.

{2) DESCRIPTION OF THE PRIOR ART

Capacitors are critical components in the
integrated circuit devices of today. As devices become
smaller and circuit density increases, it is critical that
capacitors maintain their level of capacitance while taking
up a smaller floor.area on the éircuit. A high dielectric
constant for the capacitor will allow a smaller floor area
capacitor to have the same capacitance and will also result
in the desirable lowering of tunneling current density.

Reducing circuit floor plan can improve circuit density.

U.S. Patent 5,275,715 to Tonttle shows a TiOa
etch stop layer formed by reaction with 0= or Os. U.S.

Patent 5,716,875 to Jones, Jr. et al shows a capacitor having
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a TiO=/Pt layer. U.S. Patent 4,481,288 to Kerr et al
discloses a MOM capacitor having an AlO. layer. U.S. Patent
5,953,609 to Koyama et al shows a polysilicon capacitor
having a TiOx layer. U.S. Patent 5,350,705 to Brassington et
al discloses a TiOs layer under the bottom plate of a MOM
capacitor and a ruthenium oxide capacitor dielectric. U.S.
Patent 5,948,216 to Cava et al teaches a MOM capacitor having
a Ta=0s/Ti0= dielectric layer. Many of these methods involve
high temperature operations to form the dielectric layers.

It is desired to provide a room temperature method of forming

the capacitor dielectric layer.
SUMMARY OF THE INVENTION

Accordingly, it is a primary object of the
invention to provide an effective and very manufacturable

process for producing a metal-oxide-metal capacitor.

Another object of the present invention is to
provide a method for fabricating a metal-oxide-metal

capacitor having a high dielectric constant.

Yet another object of the present invention is
to provide a room temperature method for fabricating a metal-

oxide-metal capacitor having a high dielectric constant.
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A further object of the present invention is
to provide a method for fabricating a metal-oxide-metal

capacitor having a titanium oxide capacitor dielectric.

In accordance with the objects of this
invention, a method for fabricéting a metal-oxide~metal
capacitor is achieved. A first insulating layer is provided
overlying a semiconductor substrate. A barrier metal layer
and a firsﬁ metal layer are deposited over the insulating
layer. A titanium layer is deﬁésited'overlying the first
ﬁetal layer. The titanium layer is exposed to an oxidizing
plasma while simultaneocusly a portion of the titanium layer
where the mgtal-oxide-metal capacitor is to be formed is
exposed to light whereby the portion of the titanium layer
exposed to light reacts with the oxidizing plasma to form
titanium oxide. Thereafter, the titanium layer is removed,
leaving the titanium oxide laygr where the metal-oxide-metal
capacitor is to be formed. A second metal layer is deﬁdsited
overlying the first metal layer and the titanium oxide layer.
The second metai'layer, titanium oxide layer, and first metal
layer are patterned to form a metal-oxide-metal capacitor
wherein the second metal léyer forms an upper plate
électrode, the titanium oxide layer forms a capacitor 
dielectric, and the first metal layer forms a bottom plate

electrode of the MOM capacitor.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the following drawings forming a material

part of this description, there is shown:

Figs. 1 through 8 are schematic cross-
sectional representations of a preferred embodiment of the

present invention.
DESCRIPTION OF THE fREFERRED EMBODIMENTS

Referring now more particularly. to Fig. 1,
fhere is shown a partially completed integrated circuit
device. The semiconductor substrate 10 is preferably
composed of éilicon'having a (100) crystallographic
orientation. - Semiconductor device structures are formed in
and on the semiconductor substrate. These may include gate
electrodes and interconhecfion lines and associated source
and drain regions. The semiconductor device structures, not
shown, may be formed in layer 14 ana covered with an

insulating layer 16.

Connections are made to the underlying
semiconductor device structures. For example, vias or

contacts 20 may be formed through the insulating layer 16 to
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contact devices within layer 14, not shown. Vias or contacts

may comprises tungsten plugs, for example, or copper plugs.

Now, a barrier metal layer 24 is deposited
over the insulating layer 16. This barrier metal layer may
comprise tantalum nitride and have a thickness of between
about 50 and 200 Angstroms. Now, a metal layer is formed
over the barrier metal layef, such as by sputtering or
electroplating. The metal layer 26 may comprise aluminum,
copper, aluminum or copper alléy such as AlCu, or the like.
The metal layer 26 has a thickness of between about 2000 and
6000 Angstroms. The metal layer 26 will form the bottom

plate electrode of the capacitor.

Referring now to Fig. 2, the novel capacitor
dielectric layer of the present invention will be formed. A

titanium layer 28 is deposited over the metal layer 26 to a

‘thickness of between about 50 and 200 Angstroms.

Alternatively, aluminum or tantalum could be used for this

layer.

The MOM capacitor reticle 30 is placed over
the wafer having an opening where the MOM capacitor is to be
formed. This ma? be a reverse 0of the capacitor reticle. An

oxidizing gas, comprising Oz or Oz, mixed with an inert gas
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is introduced 32. Simultaneously, the wafer is exposed to i-

line or ultra-violet light 34 through the opening in the
reticle 30. Where the titanium layer 28 is exposed to the
light 34 through the opening in the reticle, the titanium
reacts with the oxygen or ozone gas 32 to form titanium

dioxide 36, as shown in Fig. 3.

The oxygen or ozdne gas is flowed at the rate
of 100 to 1000 sccm while the inert gas is flowed at 1 to 5
slm. I-line or UV light exposﬁre is at 1 to 1000
millijoules. This can be a room temperature process. The
high temperatures of the prior art are not necessary. This
fact simplifies the process and preserves the integrity of
the underlying thin film or active devices. The film
thickness is self-limiting by means of gas flow and light
source energy. i-line wavelengths break down Os and deep UV

breaks down 0= to become 0z radicals.

The unreacted titanium 28 is removed by
a dry etching process using chloriné type gases, for
example, leaving the titanium oxide capacitor diglectric 36
only in the area of the planned capacitor, as shown in Fig.
4. Since the capacitor dielectric is formed only in the
area where the capacitor is to be formed, an additional mask

is not necessary. The capacitor dielectric layer will
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comprise titanium oxide, as described, or aluminum oxide or
tantalum oxide if aluminum or tantalum are deposited as the

layer 28.

Referring now ﬁo Fig. 5, a second metal layer
40 is deposited over the capacitor dielectric 36 and the
first metal layer 26 to a thickness of between about 1000 and
8000 Angstroms. This metal layer also may be aluminum, AlCu,

or copper, or the like.

A photoresist layer is coated over the wafer.
The same capacitor feficle is again placed over the wafer,
not shown. The photoresist layer is exposed to actinic light
through openings in the capacitor reticle and'developed to
form a photoresist mask 45. The mask covers the area of the

planned capacitor, as shown in Fig. 6.

The metal layers 40 and 26, capacitor
dielectric 36, and barrier metal layer 24 are etched away
where they are not covered by the mésk 45 to form a MOM
capacitor 50 and metal line 52, as shown in Fig. 7. The MOM
capacitor comprises top plate electrode 40, capacitor
dielectric 36, bottom plate electrode 26, and node contacts
20. The metal line 52 is a metal interconnect. Etching all

of these three layers at once requires a more complex etching
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process. However, the advantage of this arrangement is that
the MOM capacitor and intercomnect will not create

topological complication toward the metallizationm.

Figs. 1 through 7 illustrate the method of a
preferred embodiment of the present invention. It should be
understood that the MOM capacifor of the present invention

may be formed at any level within the wafer.

Processing continues as conventional in the
art. For example, as shown in Fig. 8, a thick insulating
layer 54 is blanket deposited over the capacitor and metal
line. Connections are made through openings in the thick
insulating layer to the capacitor and metal line, for

example, via metal plugs 56 and 58, respectively.

The process of the invention results in the
fabrication of a metal-oxide-metal capacitor having a high
dielectric constant capacitor dielectric layer. The
capacitor dielectric laver of the piesent invention is formed
in a room temperature process. The thickness of the layer
can be self-limiting by means of the gas flow and light
sﬁurce. Another advantage of the process of the inﬁention is
minimal topological complication because the MOM capacitor

will be almost the same height as the metal interconnect.



"2C8-99-361

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.

* [ L M - *

What is claimed is:
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1. A method for fabricating a metal-oxide-metal
capacitor comprising:

providing a first insulafing layer overlying a
semiconductor substrate;

depositing a first metal ;ayer over said insulating
laver;

depositing a second metal layer overlying said
first metal layer; |

exposing said second metal layer to an oxidizing
plasma while simpltaneousl& exposing a portion of said
second metal layer where said metal-oxide-metal
capacitor is to be formed to light whereby said portion
of said second metal layer exposed to said.light reacts
with said oxidizing plasma to form a metal oxide;

thereafter removing said second metal layer leaving
said metal oxide laver where said metal-oxide-metal
capacitor is to be formed;

depositing a third metal layer overlying said first
metal layer and said metal oxide layer; and

patterning said third metél layer, said metal oxide
layer, and said first metal layer to form said metal-
oxide-metal capacitor wherein said third metal layer
forms an upper plate electrode, said metal oxide layer
forms a capacitor dielectric, and said first metal layer

forms a bottom plate electrode of said capacitor

10
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completing said fabrication of said metal-oxide-metal

capacitor.

2. The method according to Claim 1 wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes and source and drain

regions.

3. The method according to Claim 1 wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes and source and drain

regions and multiple levels of metal interconnections.

4. The method according to Claim 2 further comprising
forming contacts between some of said semiconductor
device structures and said first metal layer to form a

.node contact of said metal-oxide-metal capacitor.

5. The method according to Claim 1 wherein said
first metal layer comprises one of the group containing

aluminum, aluminum alloys, copper, and copper alloys.
6. The method according to Claim 1 further

comprising depositing a barrier metal layer

underlying said first metal layer wherein said

11
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barrier metal layer has a thickness of between about 50

and 200 Angstroms.

7. The method according to Claim 1 wherein said second
metal layer comprises one of the group containing
titanium, aluminum, and tantalum and wherein said second
metal layer has a thickness of between about 50 and 200

aAangstroms.

8. The method according td Claim 1 wherein said
oxidizing plasma comprises one of the group containing

O= and Os.

9. The method according to Claim 1 wherein said light
comprises one of the group containing i-line light and

ultra-violet light.

10. The method according to Claim 1 wherein said steps
of depositing and exposing said second metal layer are

performed at room temperature.
11. The method according to Claim 1 wherein said third

metal layer comprises one of the group containing

aluminum, aluminum alloys, coppexr, and copper alloys.

12
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12. A method for fabficating a metal-oxide-metal
capacitor comprising:

providing a first insulating layer overlying
semiconductor device structures in and on a
semiconductor substrate;

forming a contact through said first insulating
layer to at least one of said semiconductor device
structures wherein said contact will form a node contact
for planned said metal—éxide-metal capacitor;

dépositing a barrier metal layer overlying said
first insulating layer and said contact;

dépositing a first metal layer over said barrier
metal layer;

depositing a titanium layer overlying said first
metal layer;

exposing said titanium layer to an oxidizing plaSma
while simultaneously exposing to light a portiomn of said
titanium layer where said metal-oxide-metal capacitor is
to be formed overlying said contact whereby said portibn
of said titanium layer exposed.to said light reacts with
said oxidizing plasma to form titanium oxide;

thereafter removing said titanium layer leaving
said titanium oxide layer where said metal-oxide-metal
capacitor is to be formed;

depositing a second metal layer overlying said

13
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first metal layer and said titanium oxide layer; and
patterning said second metal layer, said titanium

oxide layer, and éaid first metal layer to form said
metal-oxide-metal cépacitor wherein said second metal

30 layer forms an upper plate electrode, said titanium
oxide layer forms a capacitor dielectric, and said firét
metal layer forms a bottom plate electrode of said
capacitor completing said fabrication of said metal-

oxide-metal capacitor.

13. The method according to Claim 12 wherein said
semiconductor device structures include gate electrodes

and source and drain regions.

14. The method according to Claim 12 wherein said
semiconductor device structures include gate electrodes
and source and drain regions and multiple levels of

metal interconnections.

15. The method according to Claim 12 wherein said first
metal layer comprises one of the group containing
aluminum, aluminum alloys, copper, and copper alloys.
16. The method according to Claim 12 wherein said

barrier metal layer has a thickness of between about 50

14



. CS-99-361

and 200 Angstroms. et s
17. The method according to Claim 12 wherein said
titanium layer has a thickness of between about 50 and

200 Angstroms.

18. The method according to Claim 12 wherein said
oxidizing plasma comprises one of the group containing

0= and 0Os.

19. The method accdrding to Claim 12 wherein said light
comprises one of the group containing i-line light and

ultra-violet light.

20. The method according to Claim 12 wherein said steps
of depositing and exposing said titanium layer are

performed at room temperature.

21. The method according to Claim 12 wherein said second
metal layer comprises one of the group containing

aluminum, aluminum alloys, copper, and copper alloys.
22. A method for fabricating a metal-oxide-metal

capacitor comprising:

providing a first insulating layer overlying

15



10

15

20

25

" cs-99-361 | | R O8O
* c L M s *

semiconductor device structures in and on a
semiconductor substrate;

forming a contact through said first insulating
layer to at least one qf said semiconductor device
structures wherein said contact will form a node contact
for planned'said metal-oxide-metal capaéitor;

depositing a barrier metél layer overlying said
first insulating layer and said contact;

depositing a first metal layer over said barrier
metal layer;

depositing a second metal layer overlying said
first metal layer;

exposing said second metal layer to an oxidizing
plasma comprising one of the group containing Oz and O=
while simultaneously exposing to light a pbrtion of said
second metal layer where said metal-oxide-metal
capacitor is to be formed overlying said contact whereby
said portion of said second metal layer exposed to said
light reacts with said oxidizing plasma to form a metal
oxide; |

| thereafter removing said second metal layer leaving

said metal oxide layer where Said metal-oxide-metal
capacitor is to be formed;

depositing a third metal layer overlying said first

metal layer and said metal oxide layer; and patterning

16
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said third metal layer, said metal oxide layer, and said
first metal layer to form said metal-oxide-metal
capacitor wherein said third metal layer forms an upper
plate electrode, said metal oxide layer forms a
capacitor dielectric, and said first metal layer forms a
bottom plate electrode of said capacitof completing said

fabrication of said metal-oxide-metal capacitor.

23. The method according to Claim 22 wherein said
semiconductor device structures include gate electfodes

and source and drain regions.

24. The method according to Claim 22 wherein said
semiconductor device structures include gate electrodes
and source and drain regions and multiple levels of

metal interconnections.

25. The method according to Claim 22 wherein said first
metal layer comprises one of the group containing

aluminum, aluminum alloys, copper, and copper alloys.
26. The method according to Claim 22 wherein said

barrier metal layer has a thickness of between about 50

and 200 Angstroms.

17
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27. The method according to Claim 22 wherein séid second
metal layer comprises oné of the group containing
titanium, aluminum, and tantalum, and wherein said
second metal layer has a thickness of between about 50

and 200 Angstroms.

28. The method according to Claim 22 wherein said light
comprises one of the group containing i-line light and

ultra-violet light.

29. The method according to Claim 22 wherein said steps
of depositing and exposing said second metal layer are

performed at room temperature.
30. The method according to Claim 22 wherein said third

metal layer comprises one of the group containing

aluminum, aluminum alloys, copper, and copper alloys.
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