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INTEGRATED CIRCUIT CAPACITOR INCLUDING ANCHORED PLUGS

Related Application

This application is based upon prior filed
copending provigional application No. 60/115,781 filed
January 13, 1999, the entire disclosure of which is
incorporated here}n by reference.

Field of the Invention

-———. "

The present invention relates to the field of
semiconductor devices, and, more particularly, to a
capacitor.

Background of the Invention

Capacitors are used extensively in electronic
devices for storing an electric charge. A capacitor .
includes two conductive plates or electrodes separated
by an insulator. The capacitance, or amount of charge
held by the capacitor per applied voltage, depends upon
the area of the plates, the distance between them, and
the dielectric value of the insulator. Capacitors may
be formed within a semicoﬁductor device, such as, for
example, a dynamic random access niemory (DRAM) or an
embedded DRAM.

As semiconductor memory devices become more highly
integrated, the area'occupied by the capacitor of a DRAM
storage cell shrinks, thus decreasing the capacitance of
the capacitor because of its smaller electrode surface
area. However, a relatively large capacitance ig
desired to prevent loss of stored information.
Therefore, it is desirable to reduce the cell dimension
and yet obtain a high capacitance, which achieves both
high cell integration and reliable operation.
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One technique for increasing the capacitance while
maintaining the high integra?ion of the storage cells is
directed toward the shape of the capacitor electrodes.
In this technique, the polysilicon layer of the
capacitor electrodes wmay have protrusions, fins,
cavities, etc.,jto increase the surface area of the
capacitor electrode, thereby increasing its capacitance
while maintaining the small area occupied on the
substrate surfacéi '

Instead of forming the capacitor on the substrate
surface, capacitors are also formed above the substrate,
i.e., they are stacked above the substrate. The surface
area of the substrate can then be used for forming
transistors. With respect to increasing the capacitance
of a stack capacitor, U.S. Patent No. 5,903,493 to Lee
discloses a capacitor formed above a tungsten plug. The
surface area of the capacitor is increased by etching a
trench in the dielectric layer around the tungsten plug.
The tungsten plug interfaces with an underlying
interconnection line, thus allowing different layers
formed above the substrate to be connected.

The trench is patterned by conventional etching or
other suitable techniques. The fundamental limit on how
far the trench can be etched is détermined by how well
the tungsten plug is anchored or secured within the
dielectric layer. Typically, the depth of the trench is
limited to about one half the thickness of the
dielectric layer. After the trench has been etched, a
capacitor is formed above the tungsten plug.
Unfortunately, if the trench is etched beyond one half
the thickness of the dielectric, the tungsten plug is
more likely to becbme loose and fall out. This physical
separation between the tungsten plug and the underlying
metal interconnection with the interconnection line can
cause open circuits to be formed resulting in complete
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capacitor.

=

Summary Of The Invention

In view of the foregoing background, it is therefore an
object of the pfesent invention to increase the
capacitance of a capacitor without reducing the
reliability therepf.

This and other advantages, features and objects in
accordance with the present invention are provided by an
integrated circuit capacitor comprising a substrate, a
first dielectric layer adjacent the substrate and having
a first trench therein, and a first metal plug extending
upwardly into the first trench. An interconnection line
overlies the first trench and contacts the first metal
plug to define anchoring recesses on opposite sides of
the first metal plug. A second dielectric layer is on
the interconnection line and has a second trench
therein. A second metal plug extends upwardly into the
second trench. More particularly, the second metal plug
includes a body portion extending upwardly into the
second trench, and anchor portions connected to the body
portion and engaging the anchoring recesses to anchor
the second metal plug to the interconnection line. The
body portion and the anchor portions are preferably
formed as a monolithic unit.

An important feature of the present invention is that
the first metal plug preferably extends upwardly in a
medial portion of the first trench so that the
interconnection liné overlies the first trench and
contacts the first.metal plug defining the anchoring
recesses on opposite sides thereof. The first trench
thus provides the anchoring recesses when the
interconnection line is formed. 1In other words, the
resulting topography of the interconnection line
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adjacent the first metal plug creates the anchoring
recesses for the second metal plug. This is
advantageously done without having to perform additional
processing steps for forming equivalent recesses
directly within the conductor portion of the
interconnection’line.

Because the second metal plug is anchored, a depth
of the second tremch can be greater without the second
metal plug becoming loose and separating from the
underlying interconnection line. If this were to occur,
an open circuit would occur resulting in failure of the
device or circuit incorporating the integrated circuit
capacitdr. The anchoring recesses formed on opposite
sides of the second metal plug allows the depth of
trench to be increased to thereby increase the
capacitance, and without reducing the reliability of the
integrated circuit capacitor.

The capacitor also preferably includes first and
second electrodes and a third dielectric layer
therebetween. The first electrode lines the trench and
contacts the second metal plug. The third dielectric
layer overlies the first electrode, and the second
electrode overlies the third dielectric layer.
Increasing the depth of the second.trench in accordance
with the present invention increases the surface area of
the first and second electrodes. This advantageously
increases the capacitance of the capacitor, which is
desifed for preventing a loss of stored information.

Brief Description Of. The Drawings

FIG. 1 is a cross-sectional view of an integrated
circuit capacitor including an anchored metal plug in
accordance with the present invention.

FIGS. 2-7 are cross-sectional views illustrating
the process steps for making an integrated circuit
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with the preset invention.

Detailed Description Of The Preferred Embodiments

The present invention will now be described more
fully hereinaftér with reference to the accompanying
drawings, in which preferred embodiments of the
invention are shoyn. .This invention may, however, be
embodied in many different forms and should not be
construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete,'énd will
fully convey the scope of the invention to those skilled
in the art. Like numbers refer to like elements
throughout. The dimensions of layers and 4 regions may

—

be exaggerated in the figures for greater clarity.

Referring initially to FIG. 1, a cross-sectional
view of an integrated circuit capacitor 20 including an
anchored metal plug 22 is now described. The integrated
circuit capacitor 20 is formed on a substrate 24 with a
first dielectric layer 26 adjacent the substrate having
a first trench 28 therein:;.A first metal plug 30
extends upwardly into the first trench 28. 2an
interconnection line 32 overlies the first trench 28 and
contacts the first metal plug 30 to define anchoring
recesses 34 on opposite sides of the first metal plug.
The anchoring recesses 34 anchor the second metal plug
22 to the interconnection line 32 to prevent the plug

from becoming loose and separating therefrom.
The anchoring recesses 34 may take a variety of

forms. For example, the anchoring recesses 34 may be a

continuous recess. That is, when the first metal plug



T e U .

16-

15

20

25

30

30 is circular, then the first trench 28 formed in the
first dielectric layer 26 adjacent the first metal plug

is also circular. This in turn causes the anchoring
recesses 34 to be a circular recess when the

interconnection’line 32 is formed. Instead of the
anchoring recesses 34 being a continuous recess, they

may be defined such that they comprise a plurality of
recesses spaced apart in a circular fashion adjacent the
first metal plug 30. For example, the anchoring

recesses 34 my comprise two or four recesses, with eac

recess opposite one of the other recesses.

A second dielectric layer 36 is on the
interconnection line 32 and has a second trench 38
therein. The sécond metal plug 22 comprises a body
portion 40 extending upwardly into the second trench 38,
and anchor portions 42 connected to the body portion and
engaging the anchoring recesses 34 to anchor the second
metal plug to the interconnection line 32. Because the
second metal plug 22 is anchored, a depth d, of the
second trench 38, for exaﬁpié, can be greater than half
the thickness of the second dielectric layer 36 without

the second metal plug becoming loose and separating from
the underlying interconnection line 32. If this were to

occur, an open circuit would occur resulting in failure
of the device or circuit incorporating the integrated
circuit capacitor 20.

The integrated circuit capacitor 20 includes first
and second electrodes 44, 46 and a third dielectric

layer 48 therebetween. The first electrode 44 lines the

second trench 38 and contacts the second metal plug 22.
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The third dielectric layer 48 overlies the first
electrode 44, and the second electrode 46 overlies the
third dielectric layer. As semiconductor devices become
more highly integrated, such as, for example, an
embedded dynami¢ random access memory (EDRAM), the
capacitance of a capacitor would otherwise decrease
because of its smaller available electrode surface area.
However, a relatiwvely large capacitance is desired to
prevent loss of stored information. Therefore,
increasing the depth @&, of the second trench 38 in

-

accordance with the present invention increases the
surface area of the first and second electrodes 44, 46.

This advantageously increases the capacitance of the
capacitor 20.

The illustrated interconnection line 32 includes a

multilayer interconnect formed on the first dielectric
layer 26. The first dielectric layer 26 is formed on or

above the semiconductor substrate 24. The semiconductor
substrate 24 contains a plurality of active devices,

such as transistors, which are connected together into
functional circuits by the interconnection line 32. The

first metal plug 30 electrically éonnects the
interconnection line 32 to one or more of the active
devices in the underlying semiconductor substrate 24.
Alternatively, the first metal plug 30 may be directly

connected to an underlying interconnection line {not
shown) instead of to the semiconductor substrate 24, as
will be readily appreciated by one skilled in the art.
The first metal pi&g 30 preferably includes tungsten or

any suitable, electrically conductive material such as
aluminum, titanium or titanium nitride.
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An important feature of the present invention isg
that the first metal plug 30, extends upwardly in a

medial portion of the first trench 28 so that the
intercomnection line 32 overlies the first trench and

contacts the first metal plug defining the anchoring
recesses 34 on opposite sides thereof. The first trench

28 thus provides the anchoring recesses 34 when the
interconnection i;ne 32 is formed. 1In other words, the
resulting topography of the interconnection line 32
adjacent the first metal plug 30 creates the anchoring
recesses 34. This is advantageously done without

performing additional processing steps for forming
equivalent recesses directly within the conductor
portion 52 of the interconnection line 32.

The first trench 28 is patterned, e.g., by

conventional etching or other suitable techniques. For
example, a first etch stop 60, such as silicon nitride,

is formed within the first dielectric layer 26 during
its formatiom. Accordingly, the first etch stop 60
determines the actual depﬁh'dlof the first trench 28.
A method of making the integrated circuit capacitor 20
including the anchor portions 42 of the second metal

plug 22 will be discussed in greater detail below.

The illustrated multilayer interconnection lipe 32
includes a conductiv¢ capping layer 50, the conducfor
portion 52, and an électromigration barrier layer 54.
The conductive capping layer 50 and the electromigration
barrier.layer 54 are preferably a refractory metal
compound, and the conductor portion 52 is preferably an

aluminum alloy. Additionally, an anti-reflective
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formed on the interconnection line 32.

A second dielectric layer 36 on the interconnection
line 32 includes the second trench 38 therein. The
second trench 38 is formed adjacent the second metal
plug 22 allowing the capacitor 20 to occupy a greater

/’ .
surface area, thus increasing its capacitance. The

second metal plug 22 comprises a body portion 40
extending upwardly into the second trench 38, and aﬁéhor
portions 42 connected to the body portion. Thé anchor
portions 42 engage the anchoring recesses 34 for
anchoring the second metal plug 22 to an exposed upper
surface of the conductor portion 52 of the

interconnection line 32.

In addition, the capacitance of the capacitor 20

can also be increased by forming in parallel a separate
capacitor (not shown) overlying the interconnection line
32 adjacent the first trench 28. More particularly, a
lower electrode of the separate capacitor is formed by
an exposed section of the conducter portion 52 of the
interconnection line 32, a dielectric layer is forxrmed
above this exposed section of the conductor portion, and
a conducting léyer is formed above the dielectric layer
to define an upper electrode. The second metal plug 22
is then anchored to'ihe anchoring recesses formed in the
separate capacitor. This separate capacitor is now
connected in parallel to the capacitor 20 formed
adjacent the second metal plug 22, thus providing an

increased effective capacitance.
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The depth of the anchor portions 42 are preferably
equal to a depth 4, of the first trench 28.

Furthermore, an additional depth is provided when
portions of the ARC layer 56 and the capping layer 50

are removed when an opening for the second metal plug 22
is formed in the second dielectric layer 36. The ARC
layer 56 and the 9apping layer 50 portions are removed
so that the lowermost portions of the anchor portions 42
and the body portion 40 of the second metal plug 22 _. .
connect with the exposed conductor portion 52 of the

interconnection line 32.

The exact depth at which the anchor portions 42

extend are not critical as long as the anchor portions
extend deep enough adjacent the exposed conductor
portion 52 to provide sufficient strength to lock the

corresponding body portion 40 of the second metal plug
22 to the exposed conductor portion 52 of the

interconnection line 32.

The depth d, of the first trench 28 is typically

within about half the thickness of. the first dielectric
layer 26. For example, if the first dielectric layer 26

has a thickness in a range of about 4,000 to 6,000
angstroms, the depth:d, of the first trench 28 would not

exceed 2,000 to 3,000 angstroms. Otherwise, the first
metal plug 30 would separate from the substrate 24 or

underlying interconnection line (not shown) if the depth
d, of the first trench 28 exceeded half the thickness of

the first dielectric layer 26. Therefore, the
relationship of the depth of the anchor portions 42

preferably corresponds to the depth 4, of the first
trench 28.
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The capacitance of the capacitor 20 is increased by
forming the second trench 38 in the second dielectric
layer 36. The body portion 40 of the second metal plug
22 extends upwardly in a medial portion of the second
trench 38. The’second trench 38 is patterned, e.g., by

conventional etching or other suitable techniques. For
example, a secoanetch stop 62, such as silicon nitride,

is formed within the second dielectric layer 36 during
its formation.  Accordingly, the second etch stop 62.

determines the actual depth d, of the second trench 38.

With only a body portion 40 of the second metal
plug 22, i.e., no anchor portions 42, the depth 4, of the
second trench 38 is typically limited to about half the
thickness of the second dielectric layer 36. If the
second dielectric layer 36 has a thickness in a range of

about 4,000 to 6,000 angstroms, the depth 4, of the
second trench 38 would not exceed 2,000 to 3,000

angstroms. However, with the anchor portions 42 locking
the body portion 40 of the second wmetal plug 22 to the
exposed conductor portion 52 of the interconnection line
32, the depth d, of the second trench 38 can be greater

than half the thickness of the second dielectric layer
36. Accordingly, the increased depth 4, of the second

trench 38 can now be in a range of about 2,000 to 5,500
angstroms.

Once the second trench 38 has been formed, the
capacitor 20 is thén formed. The first electrode 44
lines the second trench 38 and contacts the second metal
plug 22. The first electrode 44 is made from any

material suitable for conducting and holding an electric
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charge. Suitable materials include titanium, titanium
nitride, aluminum, copper, silver or noble metals such
as gold, platinum and/or paliadium. The thickness of
the first electrode 44 is preferably in a range of about

75 to 750 angst§oms. It is also possible for the first
electrode 44 to have a multi-layered arrangement, e.g.,

a layer of titanium coated with a layer of titanium
nitride. /

The third dielectric layer 48 overlies the first
electrode 44 and is formed from any suitable dielecEEic,

e.g., silicon dioxide, silicon nitride and/or éhy
material or alloy of material having a suitably large
dielectric constant. Other suitable materials include
tantalum pentoxide and barium strontium titantate. The
thickness of the third dielectric layer 48 is preferably

in a range of about 25 to 250 angstroms.

The second electrode 46 overlies the third
dielectric layer 48. Like the first electrode 44, the
second electrode 46 is capable of being made from any

material suitable for conductlng and holding an electric
charge. The thickness of the second electrode 46 is

preferably in a range of about 150 to 2,500 angstroms.
It is also possible for the second electrode 46 to have

a multi-layered arrangement, or even an arrangewent
whereby a first material, such as aluminum, is doped
with a second material, such as copper or silicon..
As an alternative to forming the capacitor 20
comprising the third dielectric layer 48 between the

lower and upper electrodes 44, 46, the lower electrode

is replaced by the upper portion of the second wetal
plug 22. In other words, the upper portion of the

second metal plug 22 forms the lower electrode for the
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capacitor 20, as readily understood by one skilled in
the art. N

A method for making the integrated circuit
capacitor 20 including a metal plug 22 as described

5 above will now be further discussed with reference to
FIGS. 2-7. First and second dielectric layers 26, 36

may be formed, for example, on a semiconductor substrate
24 with an interconnection line 32 therebetween. The

semiconductor substrate 24 is preferably silicon, or may

10° be silicon or a polysilicon layer or structure formed on
the substrate. A plurality of devices, such as
transistors (not shown), are formed in the substrate 24

using well known techniques.

Referring now to FIG. 2, the first dielectric layer
15 26, such as a doped silicon dioxide, is formed over the

substrate 24. Any well known technique can be used to
form the first dielectric layer 26, such as chemical
vapor deposition (CVD). The first dielectric layer 26

is preferably planarized at this time by chemical-

20 mechanical polishing or by etch back to form a planar
top surface. The resulting thickness of the first
dielectric layer 26 should be thick enough after

planarization to provide adequate electrical isolation
of the active devices formed in the substrate 24, or

25  isolation from an underlying interconnection line. An
approximate thickness of 4,000 to 6,000 angstroms for
the first dielectric layer 26 provides suitable

isolation.
A photoresist layer (not shown) is formed and
30 patterned over the first dielectric layer 26 using well

known photolithography techniques to define the location
where the first metal plug 30 is to be formed. Next,
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the exposed portions of the first dielectric layer 26
are etched until a conductor. portion {not shown) of the

substrate 24 is exposed. In one embodiment, a reactive

ion etch (RIE) is used to form the opening for the first
metal plug 30.

3

Still referring to FIG. 2, the opening is filled
with a conductive/matgrial, preferably tungsten, using
well known techniques for forming the first metal plug
30. Prior to forming the first metal plug 30, a thin

-

adhesion/barrier layer, such as titanium or titanium
nitride (not shown), are blanket deposited over the
first dielectric layer 26 and into the opening using

well known techniques, such as sputtering. The
conductive material of the first metal plug 30 is then

deposited into the opening. A chemical-mechanical
polishing technique is used to etch back the
adhesion/barrier metals and the conductive material
deposited on the first dielectric layer 26. Other well

known etch back techniques can be used, such asg reactive
ion etching (RIE}).

A first trench 28 is now formed adjacent the first
metal plug 30, as best shown in FIG. 3. The first
trench 28 is formed by patterning adjacent the first
metal plug 30 using conventional etching or other

suitable technigues. For example, a silicon nitride
first etch stop 60 is formed within the first dielectric

layer 26 during its formation. Accordingly, the first
etch stop 60 determines the actual depth 4, of the first
trench 30.

Referring now to FIG. 4, the interconnection line
32 is next formed on the first trench 28 and the first

metal plug 30. In formation of the interconnection line
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32, a titanium layer 54 of approximately 250 angstroms
is formed over the first dielectric layer 26 using well
known techniques, such as sputtering. Although a
titanium layer is preferred, other refractory metal

layers can be used. An approximately 4,500 angstrom
thick aluminum alloy layer 52 comprising approximately

1% copper is formed on the titanum layer using well
known technigques,’such as sputtering. The aluminum
alloy layer 52 is also referred to as the conductor
portion. Although an aluminum alloy layer is preferred
because of its low resistivity and its well known
processes, other low resistance materials wmay act as the
conductor portion 52 in the interconnection line 32, as

will be appreciated by one skilled in the art. A layer
of titanium 50 approximately 250 angstroms thick is

formed on the conductor portion 52 by sputtering.

Although titanium is preferred, other refractory metal
layers may be used. An anti-reflective coating (ARC)
layer 56, such as titanium nitride, is formed over the

titanium layer 50.

The second dielectric layer 36, such as a doped

gsilicon dioxide, is formed over the interconnection line
32, including the anchoring recesses 34, as shown in

FIG. 5 Any well known technique can be used to form
the second dielectric layer 36, such ag chemical wvapor

deposition (CVD). The second dielectric layer 36 is
preferably planarized at this time by chemical-
mechanical polishing.or by etch back to form a planar
top surface. The resulting thickness of the second

dielectric layer 36 should be thick enough after

planarization to provide adequate electrical isolation
from the interconnection line 32. An approximate
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thickness of 4,000 to 6,000 angstroms for the second
dielectric layer 36 provides suitable isolation.

A photoresist layer (not shown) is formed and
patterned over the second dielectric layer 36 using well

known photolithdgraphy techniques to define an opening
70 where the second metal plug 22 is to be formed.

Next, the exposed portions of the second dielectric
/‘ -

layer 36, the ARC layer 56 and the capping layer 50 are
removed until the conductor portion 52 of the

interconnection line 32 is exposed. In one embodiment,

a reactive ion etch (RIE) is used to form the second
opening 70 for the second wmetal plug 22.

The second opening 70 is filled with a conductive

material, preferably tungsten, using well known
techniques for forming the anchor portions 42 and the

body portion 40 of the second metal plug 22, as shown in
FIG. 6. The anchor portions 42 and the body portion 40

are preferably formed as a monolithic unit. Prior to
forming the second metal plug 32, a thin

adhesion/barrier layer, such as titanium or titanium
nitride {not shown), are blanket deposited over the
second dielectric layer 36 and into the opening using

well known techniques, such as sputtering. The
conductive material of the second metal plug 22 is then

deposited into the opening 70. A chemical-mechanical

polishing technique is used to etch back the
adhesion/barrier metals and the conductive material
deposited on the second dielectric layer 36. Other well

known etch back techniques can be used, such as reactive
ion etching (RIE).
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Referring now to FIG. 7, the second trench 38 is
formed adjacent the second metal plug 22. The second
trench 38 is formed by patterning adjacent the second
metal plug 22 using conventional etching or other

suitable technigues. For example, a silicon nitride
second etch stop 62 is formed within the second

dielectric layer ;6 dqring its formation. Accordingly,
the second etch stop 62 determines the actual depth 4,

of the second trench 38.

—

Because the second metal plug 22 is anchored to the
conductor portion 52 of the interconnection line 32 via
the anchoring portions 42, positioning of the second
etch stop 62 can be greater without the metal plug

becoming loose and separating from the underlying
interconnection line 32. This advantageously allows the

capacitance of the capacitor 20 to be increased because
of the increased surface area available for forming the
capacitor.

Once the second trench 38 has been formed, the
first electrode 44 of the capacitq; 20 is formed by

depositing an electrically conductive material on the
second dielectric layer 36, including the second trench

38 and the second metal plug 22. The first electrode 44

is then selectively patterned by an appropriate
patterning technique:such as chemical vapor deposiéion
(CVD) . Other methods of depositing the first electrode
44 may include sputtering, reactive sputter etching

(RSE), and plasma enhanced chemical vapor deposition
(PECVD} .
The second dielectric layer 46 is deposited over

the first electrode 44 and patterned using an
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appropriate technique. The third dielectric layer 48

may be deposited using CVD or any of the other
techniques similar those used for depositing the first
electrode 44. The second electrode 46 is then deposited

by CVD, for exa?ple, and selectively patterned by an
appropriate patterning technique. Other methods of
depositing the second electrode 46 include physical

vapor deposition /(PVD), sputtering, reactive sputtex
etching (RSE), and plasma enhanced chemical vapor
deposition (PECVD). The capacitor 20 thus includes-the

first and second electrodes 44, 46 and the thixd

dielectric layer 48 therebetween, as shown in FIG. 1.

Many modifications and other embodiments of the
invention will come to the mind of one skilled in the
art having the benefit of the teachings presented in the
foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the invention ig
not to be limited to the specific embodiments disclosed,
and that modifications and embodiments are intended to
be included within the scope of the appended claims.
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Clajims:

1. BAn integrated circult capacitor comprising:
a substrate;
a first dielectric layer adjacent said
substrate and hadving a first trench therein;
a first metal plug extending upwardly into the
first trench;
an interconnéction line overlying the first
trench and contacting said first metal plug to define
anchoring recesses on opposite sides of said first metal
plug; -
a second dielectric layer on said
intexrconnection line and having a second trench therein;
a second metal plug comprising
a body portion extending upwardly into
the second trench, and
anchor portions connected to said body
portion and engaging the anchoring recesses to
anchor said second metal plug;
a third dielectric layer adjacent an upper
portion of said second metal plug; and
an upper electrode on said third dielectric
layer.

2. An integrated circuit capacitor according to
Claim 1, further comprising an electrode between said
second metal plug and said third dielectric layer.

3. An integrated circuit capacitor according to
Claim 1, wherein said body portion and said anchor
portions of said second metal plug are integrally formed
as a monolithic unip.

4.  An integrated circuit capacitor according to
Claim 1, wherein the second trench has a depth greater
than about half a thickness of said second dielectric
layer.
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. S. An integrated circuit capacitor according to

20

Claim 1, wherein a depth of the second trench is greater
than about 2,000 angstroms.

»

6. An integrated circuit capacitor according to

W

Claim 1, whéreig said anchor portions of said second
metal plug have’a depth corresponding to a depth of the
first trench.

7. An integrated circuit capacitor according to
Claim 1, wherein said body portion of said second metal
10 plug has an upper most surface substantially co-planar
with an adjacent uppermost surface of said second
dielectric layer.

8. An integrated circuit capacitor according to
Claim 1, wherein said first metal plug has an upper most
15 surface substantially co-planar with an adjacent
uppermost surface of said first dielectric layer.

9. BAn integrated circuit capacitor according to
Claim 1, wherein each of said first and second metal
plugs comprises tungsten.

20 10. 2An integrated circuit capacitor according to
Claim 1, wherein said body portion of said second metal
plug extends upwardly in a medial portion of the second
trench. :

11. An integrated circuit capacitor according to
25 Claim 1, wherein said first metal plug extends upwardly
in a medial portion of the first trench.

12. An integrated circuit capacitor comprising:
a substrate;
a first dielectric layer adjacent said
30 substrate and having a first trench therein;
" a first metal pPlug extending upwardly into the

first trench;

an interconnection line overlying the first
trench and contacting said first metal plug to define
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anchoring recesses on opposite sides of said first metal
plug;

a second dielectric layer on said
interconnection line and having a second trench therein,
the second trench having a depth greater than about half
a thickness of daid second dielectric layer;

a second metal plug comprising

a body portion extending upwardly into the
second trench, and

anchor portions connected to said body
portion and engaging the anchoring recesses to
anchor said second metal plug; -

a third dielectric layer adjacent an upper
portion of said second metal plug; and

an upper electrode on said third dielectric
layer.

13. An integrated circuit capacitor according to
Claim 12 further comprising an electrode between said
second metal plug and said third dielectric layer.

14. An integrated circuit capacitor according to
Claim 12, wherein said body portion and said anchor
portions of said second metal plug are integrally formed
as a monolithic unit.

15. An integrated circuit capacitor according to
Claim 12, wherein the depth of the second trench is
greater than about 2,000 angstroms.

16. An integrated circuit capacitor according to
Claim 12, wherein said anchor portions of said second
metal plug have a depth corresponding to a depth of the
first trench.

17. An integrated circuit capacitor according to
Claim 12, wherein said body portion of said second metal
plug has an upper most surface substantially co-planar
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with an adjacent uppermost surface of said second
dielectric layer.

18. An integrated circult capacitor according to
Claim 12, wherein said first metal plug has an upper
most surface substantially co-planar with an adjacent

uppermost surface of said first dielectric layer.

19. BAn integrated circuit capacitor according to
Claim 12, wherein each of said first and second metal
plugs comprises tungsten.

20. An integrated circuit capacitor according- to
Claim 12, wherein said body portion of said second metal
plug extends upwardly in a medial portion of the second
trench.

21. An integrated circuit capacitor according to
Claim 12, wherein said first metal plug extends upwardly
in a medial portion of the first trench.

22. An integrated circuit capacitor comprising:

a substrate;

a first dielectric layer adjacent said
substrate and having a first trench therein;

a first metal plug extending upwardly into the
first trench having anchoring recesses on opposite sides
of said first metal plug; -

a second dielectric layer above said first
dielectric layer and having a second trench therein;

a second wmetal plug comprising

a body portion extending upwardly into the
second trench, and |

anchor portions connected to said body
portion and engaging the anchoring recesses to
anchor said second metal plug;

a third dielectric layer adjacent an upper
portion of said second metal plug; and



10

15

20

25

30

A A

an upper electrode on said third dielectric

layer.
‘.
23. An integrated circuit capacitor according to

Claim 22, further comprising an electrode between said

second metal plug and said third dielectric layer.
;
24. BAn integrated circuit capacitor according to

Claim 22, further comprising an interconnection line
overlying the firgt trench and contacting said first
metal plug.

25. BAn integrated circuit capacitor according to
Claim 22, wherein said body portion and said anchor
portions of said second metal plug are integrally formed
as a monolithic unit.

26. An integrated circuit capacitor according to
Claim 22, wherein the second trench has.a depth greater
than about half a thickness of said second dielectric
layer.

27. An integrated circuit capacitor according to
Claim 22, wherein a depth of the second trench is
greater than about 2,000 angstroms.

28. An integrated circuit capacitor according to
Claim 22, wherein said anchor portions of said second
metal plug have a depth corresponding to a depth of the
first trench.

2%. An integrated circuit capacitor according to
Claim 22, wherein said body portion of said second metal
plug has an upper most surface substantially co-planar
with an adjacent uppérmost surface of said second
dielectric layer.

30. An integféted circuit capacitor according to
Claim 22, wherein said first metal plug has an upper
most surface substantially co-planar with an adjacent
uppermost surface of said first dielectric layer.
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31. An integrated circuit capacitor according to
Claim 22, wherein each of said first and second metal

a

plugs comprises tungsten.

32. An integrated circuit capacitor according to
Claim 22, wherein said body portion of said second metal
plug extends upwardly in a medial portion of the second
trench.

33. An integrated circuit capacitor according to
Claim 22, wherein said first metal plug extends upwardly
in a medial portion of the first trench.



