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forming a capacitor includes
providing a metal-containing
bottom electrode (12), forming a
capacitor insulator (14) over the
metal-containing bottom electrode
(12), forming a metal-containing
top electrode (18) over the

capacitor insulator (14), and
forming a dielectric-containing
field modification layer (22)
over the capacitor insulator
(14) and at least partially
surrounding the metal-containing

top electrode (18). Forming
the dielectric-containing  field
modification layer (22) may

include oxidizing a sidewall (22)
of the metal-containing field
modification layer (18). A barrier
layer (16) may be formed over
the capacitor insulator (14) prior

to forming the metal-containing
top electrode (18).
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THIN-FILM CAPACITOR WITH A FIELD MODIFICATION LAYER AND
METHODS FOR FORMING THE SAME

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates in general to thin-film capacitors and more specifically to a

thin-film capacitor with a field modification layer and methods for forming the same.

Description of the Related Art

[0002] Thin-film capacitors increasingly have thinner insulator and electrode layers.
Thinning of the insulator layer, however, poses several problems in such capacitors. In
particular, enhanced electric field at the corners of the electrode layers can generate higher
leakage current at the periphery of the thin-film capacitors. In certain instances, leakage
current can be large enough to cause insulator breakdown at the electrode layer edges.
Insulator breakdown is more likely to happen in thin-film capacitors with thinner insulator

layers. Susceptibility to insulator breakdowns lowers the reliability of thin-film capacitors.

[0003] Thus, there is a need for improved thin-film capacitors and methods for forming

the same.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The present invention may be better understood, and its numerous objects,
features, and advantages made apparent to those skilled in the art by referencing the

accompanying drawings.

[0005] Figure 1 shows a partial side view of one embodiment of a thin-film capacitor

during a processing stage, consistent with one embodiment of the invention;

[0006] Figure 2 shows a partial side view of one embodiment of a thin-film capacitor

during a processing stage, consistent with one embodiment of the invention;
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[0007] Figure 3 shows a partial side view of one embodiment of a thin-film capacitor

during a processing stage, consistent with one embodiment of the invention;

[0008] Figure 4 shows a partial side view of one embodiment of a thin-film capacitor

during a processing stage, consistent with one embodiment of the invention;

[0009] Figure 5 shows a side view of one embodiment of a thin-film capacitor during a

processing stage, consistent with one embodiment of the invention;

[0010] Figure 6 shows a partial side view of one embodiment of a thin-film capacitor

during a processing stage, consistent with one embodiment of the invention; and

[0011] Figure 7 shows a partial cross-sectional side view of one embodiment of a wafer

during another stage in its manufacture, consistent with one embodiment of the invention.

[0012] Skilled artisans appreciate that elements in the figures are illustrated for simplicity
and clarity and have not necessarily been drawn to scale. For example, the dimensions of
some of the elements in the figures may be exaggerated relative to other elements to help

improve the understanding of the embodiments of the present invention.

DETAILED DESCRIPTION

[0013] The following sets forth a detailed description of a mode for carrying out the
invention. The description is intended to be illustrative of the invention and should not be

taken to be limiting.

[0014] In one aspect, a method for forming a capacitor, such as a thin-film capacitor, is
provided. The method may include providing a metal-containing bottom electrode and
forming a capacitor insulator over the metal-containing bottom electrode. The method may
further include forming a metal-containing top electrode layer over the capacitor insulator.
The method may further include forming a dielectric-containing field modification layer over

the capacitor insulator and at least partially surrounding the metal-containing top-electrode.

[0015] In another aspect, a method for forming a capacitor, such as a thin-film capacitor
is provided. The method may include providing a bottom electrode and forming a capacitor

insulator over the bottom electrode. The method may further include forming a metal-
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containing top electrode over the capacitor insulator. The method may further include
oxidizing a sidewall region of the metal-containing top electrode to form an oxide-containing

field modification layer at least partially surrounding the metal-containing top electrode.

[0016] In yet another aspect, a capacitor comprising a metal-containing bottom electrode
and a capacitor insulator over the metal-containing bottom electrode is provided. The
capacitor may further include a metal-containing top electrode over the capacitor insulator.
The capacitor may further include a dielectric-containing field modification layer over the

capacitor insulator and at least partially surrounding the metal-containing top electrode.

[0017] Figure 1 shows a partial side view of one embodiment of a thin-film capacitor 10,
such as a metal-insulator-metal (MIM) or a metal-insulator-silicon (MIS) capacitor during a
processing stage. Thin-film capacitor 10 may be formed of layers, including a bottom
electrode layer 12, a capacitor insulator layer 14, a barrier layer 16, and a top electrode layer
18. These layers may be formed by plasma vapor deposition, chemical vapor deposition, or
atomic layer deposition techniques. Alternatively, these layers may be epitaxially grown,
using atomic layer epitaxy, for example. Although Figure 1 shows barrier layer 16 as part of
thin-film capacitor 10, barrier layer 16 may not be formed as part of thin-film capacitor 10.
Additional layers may be formed as part of thin-film capacitor 10, if necessary. Bottom
electrode layer 12 and top electrode layer 18 may be metal or silicon containing layers. By
way of example, the metal containing layer may include tantalum, tantalum nitride, titanium,
titanium nitride, or aluminum. In addition, each of bottom electrode layer 12 and top
electrode layer 18 may be a laminated structure. Capacitor insulator layer 14 may be formed
using materials, such as silicon dioxide, silicon nitride, tantalum pentoxide, or hafnium oxide.
Capacitor insulator layer 14 may comprise a laminate structure, as well. Barrier layer 16 may
be formed using materials, such as hafnium oxide or aluminum oxide. By way of example,
barrier layer 16 may be 10-100 Angstroms thick. Although barrier layer 16 is shown
separately from capacitor insulator layer 14, barrier layer 16 may be formed as part of
capacitor insulator layer 14. Barrier layer 16 may act as an etch stop layer during the etching
of top electrode layer 18. In addition, although Figure 1 shows a planar structure, thin-film

capacitor 10 may be non-planar.

[0018] As shown in Figure 2, as part of the next processing step, a patterned masking

layer 20 may be formed on top of top electrode layer 18. Next, as shown in Figure 3, the
3



WO 2007/120354 PCT/US2006/062388

exposed portion of top electrode layer 18 may be etched away. As part of the next processing
step, as shown in Figure 4, a field modification layer 22 may be formed on each side of top
electrode layer 18 by oxidizing a sidewall on each side of top electrode layer 18. By way of
example, field modification layer 22 may reduce the strength of an electric field along the
corners of capacitor insulator layer 14. Oxidation may be performed by exposure to oxygen
and/or ozone containing plasma at a temperature of 200-400 degree Celsius. Oxidation of top
electrode layer 18 may be performed by free radicals of Oxygen. By way of example, a
remote plasma oxidation process may be used as part of this step. Oxidation may be
performed during or after the etching of top electrode layer 18. Thus, as shown in Figure 4,
field modification layer 22 may be formed on top of barrier layer 16 and may at least partially
surround top electrode layer 18. Alternatively, field modification layer 22 may be formed on
top of capacitor insulator layer 14. By way of example, field modification layer 22 may be at
least thicker than 100 Angstroms. Although Figure 4 shows field modification layer 22
having the same height as top electrode layer 18, field modification layer 22 may have a
lower height than top electrode layer 18. Furthermore, although Figure 4 shows a field
modification layer 22 that is uniform in width, it may have a non-uniform width.

Specifically, referring now to Figure 5, an edge 26 between field modification layer 24 and
top electrode layer 18 may be at an angle with respect to a top surface of barrier layer 16
and/or capacitor insulator layer 14. By way of example, oxidation of a sidewall region of top
electrode layer 18 may result in a boundary between field modification layer 24 and top
electrode layer 18, such that the boundary forms an angle with respect to a bottom surface of

top electrode layer 18 and the angle facing top electrode layer 18 is greater than 90 degrees.

[0019] Figure 6 shows a partial side view of one embodiment of a thin-film capacitor
during a processing stage, consistent with one embodiment of the invention. As part of this
step, after the step shown in Figure 3, a dielectric-containing layer 28 may be deposited on
top of barrier layer 16 and patterned masking layer 20. Dielectric-containing layer 28 may be
deposited using chemical vapor deposition or atomic layer deposition. Next, as shown in
Figure 7, dielectric-containing layer 28 may be anisotropically etched to form field

modification layer 30.

[0020] In the foregoing specification, the invention has been described with reference to

specific embodiments. However, one of ordinary skill in the art appreciates that various
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modifications and changes can be made without departing from the scope of the present
invention as set forth in the claims below. Accordingly, the specification and figures are to
be regarded in an illustrative rather than a restrictive sense, and all such modifications are

intended to be included within the scope of present invention.

[0021] Benefits, other advantages, and solutions to problems have been described above
with regard to specific embodiments. However, the benefits, advantages, solutions to
problems, and any element(s) that may cause any benefit, advantage, or solution to occur or
become more pronounced are not to be construed as a critical, required, or essential feature or

clement of any or all the claims. As used herein, the terms "comprises,” "comprising,” or any
other variation thereof, are intended to cover a non-exclusive inclusion, such that a process,
method, article, or apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent to such process,

method, article, or apparatus.
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CLAIMS:

What is claimed is:
1. A method for forming a capacitor comprising:
providing a metal-containing bottom electrode;
forming a capacitor insulator over the metal-containing bottom electrode;
forming a metal-containing top electrode over the capacitor insulator; and
forming a dielectric-containing field modification layer over the capacitor insulator

and at least partially surrounding the metal-containing top electrode.

2. The method of claim 1, wherein the dielectric-containing field modification layer

comprises an oxide.

3. The method of claim 1, wherein the dielectric-containing field modification layer
comprises an oxide selected from a group consisting of tantalum pentoxide, tantalum
oxynitride, titanium oxide, titanium oxynitride, aluminum oxide, and aluminum

oxynitride.

4. The method of claim 1, wherein forming the dielectric-containing field modification layer

comprises oxidizing a sidewall of the metal-containing top electrode.

5. The method of claim 4, wherein oxidizing the sidewall of the metal-containing top
electrode results in a boundary between the dielectric-containing field modification
layer and the metal-containing top electrode, wherein the boundary forms an angle with
respect to a bottom surface of the metal-containing top electrode, the angle facing the

metal-containing top electrode and being greater than 90 degrees.

6. The method of claim 1, wherein forming the dielectric-containing field modification layer
comprises forming a blanket insulating layer over the metal-containing top electrode

and the capacitor insulator.
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7. The method of claim 6, wherein forming the dielectric-containing field modification layer

further comprises anisotropically etching the blanket insulating layer.

8. The method of claim 1, further comprising:
forming an insulating barrier layer over the capacitor insulator prior to forming the

metal-containing top electrode over the capacitor insulator.

9. The method of claim 8, wherein the insulating barrier layer comprises at least one selected

from a group consisting of hafnium oxide and aluminum oxide.

10. A method for forming a capacitor comprising:
providing a bottom electrode;
forming a capacitor insulator over the bottom clectrode;
forming a metal-containing top electrode over the capacitor insulator;
oxidizing a sidewall region of the metal-containing top electrode to form an oxide-
containing field modification layer at least partially surrounding the metal-

containing top electrode.
11. The method of claim 10, wherein the oxide-containing field modification layer comprises
an oxide selected from a group consisting of tantalum pentoxide, tantalum oxynitride,
titanium oxide, titanium oxynitride, aluminum oxide, and aluminum oxynitride.

12. The method of claim 11, wherein the oxidizing is performed using plasma oxidation.

13. The method of claim 12, wherein the plasma oxidation is performed at a temperature in a

range of approximately 200 to 400 degrees Celsius.

14. The method of claim 10, wherein the oxidizing is performed using an oxygen or ozone

source which produces free radicals.

15. The method of claim 10, wherein oxidizing the sidewall region of the metal-containing

top electrode results in a boundary between the oxide-containing field modification
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layer and the metal-containing top electrode, wherein the boundary forms an angle with
respect to a bottom surface of the metal-containing top electrode, the angle facing the

metal-containing top electrode and being greater than 90 degrees.

16. The method of claim 10, wherein the bottom electrode comprises a metal.

17. The method of claim 10, further comprising;:
forming an insulating barrier layer over the capacitor insulator prior to forming the

metal-containing top electrode over the capacitor insulator.

18. The method of claim 10, further comprising patterning the metal-containing top electrode

prior to the oxidizing.

19. A capacitor comprising;:
a metal-containing bottom electrode;
a capacitor insulator over the metal-containing bottom electrode;
a metal-containing top electrode over the capacitor insulator; and
a dielectric-containing field modification layer over the capacitor insulator and at

least partially surrounding the metal-containing top electrode.

20. The capacitor of claim 19, wherein the dielectric-containing field modification layer
comprises an oxide selected from a group consisting of tantalum pentoxide, tantalum
oxynitride, titanium oxide, titanium oxynitride, aluminum oxide, and aluminum

oxynitride.
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