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METHOD FOR FORMING A HIGH AREAL CAPACITANCE PLANAR CAPACITOR
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to planar
capacitors within integrated circuits. More particularly, the
present invention relates to high areal capacitance planar

capacitors within integrated circuits.
2. Description of the Related Art

In addition to resistors, transistors and diodes,
integrated «circuits also often have formed withi_.n their
fabrications capacitors. When formed within analog integrated
circuits, capacitors typ-i..cally érovide for proper operation of
those analog integrated circuits. When formed within digital
integrated circuits, capacitors typically provide charge storage

locations for individual bits of digital data.

Capacitors of varying dimensions and shapes may be formed
within several 1locations within analog or digital integrated

Circuits. A particularly common type of capacitor formed

typiecally, although not exclusively, within analog integrated
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circuits is a planar capacitor. A schematic cross-sectional
diagram illustrating an integrated c¢ircuit having a planar

capacitor formed therein is shown in Fig. 1.

Shown in Fig. 1 is a semiconductor substrate 10 upon and
within whose surface is formed isolation regions 12a and 12b which
define the active region of the semiconductor substrate 10. Within
the active region of the semiconductor substrate 10 is formed a
Metal Oxide Semiconductor Field Effect Transistor (MOSFET)
comprising a gate electrode 16 aligned upon a gate oxide layer 14,
and a pair of source/drain electrodes 18a and 18b formed within the
exposed portion of the active region of the semiconductor substrate
10 not occupied by the gate oxide layer 14 and the gate electrode
16.

As also shown in Fig. 1, the planar capacitor within the

integrated circuit comprises a first planar capacitor electrode 20

 separated from a second planar capacitor electrode 24 by a planar

capacitor dieleétric layer 22. As iliustrated by Fig. 1, the
Planar capacitor is formed upon the surface of an isolation region
of the semiconductor substrate 10, as is typical in the art. The
isolation region upon which is formed the planar capacitor is the

isolation region 12b.

Although the planar capacitor as illustrated in Fig. 1 is
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‘a common and accépted fabrication of a planar capacitor within an

integrated circuit, the planar capacitor as illustrated in Fig. 1
is not without pfoblems. In particular, as integrated circuit
device dimensions have continued to decrease, it has become
increasingly difficult to fabricate planar capacitors, such as the
planar capacitor within the integrated circuit illustrated by Fig.
1, with adequate levels of capacitance within the decreasing levels
of surface area afforded to those planar capacitors within advanced
integrated circuits. Planar capacitors with increasing levels of
areal capacitance are thus typically needed to yield planar

capacitors of adequate capacitance for proper operation of advanced

integrated circuits.

It is thus towards the goal of forming high areal
capacitance planar capacitors within integrated circuits having
limited surface area available for those planar capacitors, that

the present invention is directed.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a
method for forming within an integrated circuit a high areal

capacitance planar capacitor.
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A second object of the present invention is to provide a
method in accord with the first object of the present invention,

which method is also manufacturable.

In accord with the objects of the present invention there
is provided a method for forming a high areal capacitance planar
capacitor within an integrated circuit, as well as the high areal
capacitance planar capacitor which results from the method. To
form the high areal capacitance planar capacitor of the present
invention, there is first provided a semiconductor substrate.
Formed upon the semiconductor substrate is a first planar capacitor
electrode, and formed upon the first planar capacitor electrode is
a first planar capacitor dielectric layer. Formed then upon the
first planar capacitor dielectric layer is a second planar
capacitor electrode, and formed upon the second planar capacitor
electrode is a second planar capacitor dielectric layer. Finally,
there is formed 'upon the second planar capacitor dielectric layer

a third planar capaéitbr electrode.

The present invention provides a method for forming
within an integrated circuit a high areal capacitance planar
capacitor. Through the method of the present invention there is
provided a planar capacitor which has a second planar capacitor
electrode which is: (1) separated from a first planar capacitor

electrode by a first planar capacitor dielectric layer, and (2)
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separated from a third planar capacitor electrode by a second
planar capacitor dielectric layer. The planar capacitor formed
through the method of the present invention thus has approximately
twice the capacitance of a conventional planar capacitor of
equivalent areal dimension, since the planar capacitor of the
present invention has a second planar capacitor electrode which
serves as a common electrode ;ithin two adjoining planar capacitors
occupying a surface area equivalent to the surface area occupied by

a conventional planar capacitor.

The high areal capacitance planar capacitor of the
present invention is readily manufacturable. The high areal

capacitance planar capacitor of the present invention comprises a

~novel five layer capacitor structure which is formed through

methods and materials which are otherwise conventional in the art
of integrated circuit fabrication. To thé extent that no new
methods and materials are needed to form the high areal capacitance
planar capacitor of the present invention, the high areal
capacitance planar capacitor of the present invention is readily

manufacturable.

~In addition, if the five layers within the five layer
capacitor structure of the high areal capacitance planar capacitor
of the present invention are formed simultaneously with other

patterned 1layers which would otherwise be formed within the
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integrated circuit within which is formed the high areal
capacitance planar capacitor of the present invention, then
significant manufacturing economy and efficiency is realized in
forming the high areal capacitance planar capacitor of the present

invention within the integrated circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which form a material part of

this disclosure, show the following:

Fig. 1 shows a schematic cross-sectional diagram of an
integrated circuit of the prior art having formed therein a

conventional planar capacitor.

Fig. 2 to Fig. 5 show a series of schematic cross-
sectional diagrams illustréting the results of progressive process
steps in forming within an integrated circuit the high areal
capacitance planar capacitor of the preferred embodiment of the

pPresent invention.

Fig. 6 shows a schematic plan-view diagram of the high
areal capacitance planar capacitor of the preferred embodiment of

the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a method for forming a
planar capacitor, and a planar capacitor formed through the method,
which planar capacitor has an areal capacitance substantially
higher than the areal capacitance of planar capacitors conventional
in the art of integrated circuit manufacture. The high areal
capacitance of the planar capacitor of the present invention is
obtained through employing a second planar capacitor dielectric
layer and a third planar capacitor electrode aligned upon a planar
capacitor which is otherwise convention&l to the art of integrated
circuit manufacture. Due to the presence of the second planar
capacitor dielectric 1layer and the third planar capacitor
electrode, the planar capacitor of the present invention provides
an areal capacitance approximately twice the areal capacitance of

Planar capacitors conventional to the art.

Although the high areal capacitance planar capacitor of
the present invention is most likely to be employed as a planar
capacitor within an analog integrated circuit, the high areal
capacitance pianar capacitor of the present invention may be
employed within various types of integrated circuits. The high
areal capacitance planar capacitor of the present invention may be

employed within integrated cirduits including but not limited to
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Dynamic Random Access Memory (DRAM) integrated circuits, Static
Random Access Memory (SRAM) integrated circuits, Application
Specific Integrated Circuits (ASICs), integrated circuits having
within their fabrications Metal Oxide Semiconductor Field Effect
Transistors (MOSFETs:), integrated circuits having within their
fabrications bipolar .transistors and integrated circuits having
within their fabrications Bipolar Complementary Metal Oxide
Semiconductor (BiCMOS) transistors. The method of the present
invention has broad applicability in forming within integrated

- circuits high areal capacitance planar capacitors.

Referring now to Fig. 2 to Fig. 5 there is shown a series
of schematic cross-sectional diagrams illustrating the results of
progressive stages in forming the high areal capacitance planar
capacitor of the preferred embodiment of the present invention
within an integrated circuit. Shown in Fig. 2 is a schematic
cross-secti'c-mal diagram oif the integrated circuit at its early

stages of fabrication.

Shown in Fig. 2 is a semiconductor substrate 30 within
and. upon whose surface is formed isolation regions 32a and 32b.
Semiconductor substrates upon which the present invention may be
practiced may be formed with either dopant polarity, any dopant
concentration and any crystallographic orientation. Typically, the

semiconductor substrate 30 upon which is practiced the present
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invention is a N- or P- silicon semiconductor substrate having a

(100) crystallographic orientation.

Methods by which isolation regions may be formed within
and ﬁpon semiconductor substrates are known in the art. Such
methods include but are not limited to methods whereby a portion of
2 semiconductor substrate exposed through an appropriate mask is
oxidized to form isolation regions within and upon the
semiconductor substrate, and methods whereby a separate blanket
insulating layer is formed upon a semiconductor substrate and
subsequently patterned to form isolation regions upon the
semiconductor substrate. For the preferred embodiment of the
pPresent invention, the isolation regions 32a and 32b are preferably

formed through a thermal oxidation process whereby portions of the

semiconductor substrate 30 exposed through a suitable oxidation

mask are consumed to form within and upon the semiconductor

substrate 30 isolation regions 32a and 32b of silicon oxide.

Also illustrated in Fig. 2 is the presence of a first
planar capacitor electrode 34 formed upon the surface of the

isolation region 32b. Formed upon the surface of the first planar

capacitor electrode 34 is a first planar capacitor dielectric layer

36. Both the first planar capacitor electrode 34 and the first
Planar capacitor dielectric layer 36 are components of the high

areal capacitance planar capacitor of the present invention.
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Several methods and materials may in general be employed

in forming planar capacitor electrodes within integrated circuits.
- The methods and materials include but are not limited to thermally
assisted evaporation methods, electron beam assisted evaporation
methods, Physical Vapor Deposition (PVD) sputtering methods and
Chemical Vapor “Deposition (CVD) methods through which may be
deposited blanket layers of conductive materials including but not
limited to metals, metal alloys and highly doped polysilicon. The
blanket layers of conductive materials may be subsequently
patterned through methods conventional in the art to form planar

capacitor electrodes.

For the preferred embodiment of the present invention,
the first planar capacitor electrode 34 is preferably formed of a
highly doped polysilicon 1layer patterned from a blanket highly
doped polysilicon layer formed upon the semiconductor substrate 30
surface. The blanket highly doped polysilicon layer may be formed
and doped through methods as are conventidnal in the art, including
but not 1limited to Chemical Vapor Deposition (CVD) methods,
?hysical Vapor Deposition (PVD) sputtering methods, thermal
diffusion methods and ion implantation methods. Preferably, the
first planar capacitor electrode 34 has a thickness of from about
1000 to about 4000 angstroms, and the first planar capacitor
electrode 34 has a resistance of no greater than about 50 ohms per

square.
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Analogodsly, planar capacitor dieléctric layers may also
be formed through £&éVeral methods and matefials as are conventional
in the art of integratéd circuit manufacture. Typically, althdugh
not exclusively, planar capacitor dielectric layers may be formed
through patterning through methods as are conveﬁtional in the art
of blanket dielectric layers formed within integrated circuits.
Methods and materials through which blanket dielectric layers may
be formed within integrated circuits include but are not limited to
Chemical Vapor Deposition (CVD) methods, Plasma Enhanced Chemical
Vapor Deposition (PECVD) methods and Physical Vapor Deposition
(PVD) sputtering methods through which may be deposited dielectric
materials including but not limited to silicon oxide dielectric
materials, silicon nitride dielectric materials and silicon
oxynitride dielectric materials. For the preferred embodiment of
the present invention the first planar capacitor dielectric layer
36 is preferably formed of either a silicon oxide dielectric
material, a silicon nitride dielectric material or a silicon
oxynitride dielectric material. Preferably, the first planar
capacitor dielectric layer 36 is from about 200 to about 800

angstroms thick.

Also shown in Fig. 2 is a gate dielectric layer 38 upon
which resides a gate electrode 40a. Both the gate dielectric layer
38 and the gate electrode 40a reside upon the active semiconductor

region of the semiconductor substrate 30. Both the gate dielectric
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layer 38 and the gate electrode 40a are components of a Metal Oxide

Semiconductor Field Effect Transistor (MOSFET).

Methods and materials through which gate dielectric
layers and gate electrodes may be formed upon active semiconductor
regions of semiconductor substrates are known in the art. Gate
dielectric layers may be formed through methods including but not
limited to methods whereby the surface of the active semiconductor
region of a semiconductor substrate is oxidized to form a blanket
gate dielectric 1layer of silicon oxide wupon the active
semiconductor region of the semiconductor substrate, and methods
whereby a blanket gate dielectric layer is independently deposited
upon the active semiconductor region of the semiconductor
substrate. Excess portions of blanket gate dielectric layers
formed upon active semiconductor regions may be removed via
etching, through processes conventional to the art, to form gate

dielectric layers.

Gate electrodes are typically formed via patterning and
etching through methods as are conventional in the art of blanket
layers of gate electrode materials which are formed upon the
surfaces of blanket gate dielectric layers. Typically, blanket
layers of gate electrode materials are formed from highly
conductive materials such as metals, metal alloys, highly doped

polysilicon and polycides (highly doped polysilicon/metal silicide
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stacks).

For the preferred embodiment of the present invention,
the gate. dielectric 1layer 38 is preferably formed through
-patterning of a. blanket gate dielectric layer formed through
thermal oxidation of the active semiconductor region of
semiconductor substrate 30 at a temperature of about 800 to about
1000 degrees centigrade to yield a blanket gate dielectric layer of
silicon oxide at a typical thickness of about 40 to about 120
angstroms. For the preferred embodiment of the present invention,
the gate electrode 40a is preferably formed by patterning and
etching of either a blanket layer of highly doped polysilicon or a
blanket tungsten silicide polycide (highly doped
polysilicon/tungsten silicide stack) layer formed upon the blanket
gate_dielectfic layer at a thickness of about 1500 to about 3000
angstroms. The highly doped polysilicon within either of the
preceding two layers is preferably formed through a Chemical Vapor
Deposition (CVD) method employing silane as the silicon source
material, along with suitable dopant species. Once the blanket
layer of highly doped polysilicon or the blanket tungsten silicide
polycide layer has been patterned to yield the gate electrode 40a,
the gate electrode 40a may be employgd as an etch mask to pattern
the gate dielectric layer 38 from the blanket gate dielectric

layer.
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Although, as understood by a-persbn skilled in the art,

the first planar capacitor dielectric layer 36 and the gate
dielectric layer 38 may under certain circumstances be patterned
from the same blanket dielectric layer, such is not typically
preferred when forming the high areal capacitance planar capacitor
of the present invention. Typically, the differences in the
pfeferred thiéknesses of the first planar capacitor dielectric
layer 36 and the gate dielectric layer 38 preclude easily forming
those dielectric layers simultaneously from the same blanket

dielectric layer.

Also shown in Fig. 2 is the presence of a second planar
capacitor electrode 40b. The second planar capacitor electrode 40b
is preferably patterned simultaneously from the same blanket layer
of highly doped polysilicon or blanket tungsten silicide polycide
layer from which is patterned the gate electrode 40a. Analogously
with the gate electrode 40a, the second planar capacitor eiectrode
40b is also preferably from about 1500 to about 3000 angstroms
thick. The §econd planar capacitor.electrode 405 also preferably

has a resistance of no greater than about 50 ohms per square.

Finally, there is shown in Fig. 2 the presence of low
dose ion implants 42a and 42b formed into the surface of the active
region of the semiconductor substrate 30 at locations not occupied

by the gate dielectric layer 38 and the gate electrode 40a. The
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low dose ion impiants 42a and 42b assist in providing electric

field gradients from the gate electrode 40a edges to subsequently
formed source/drain electrodes of the completed Metal Oxide
Semiconductor Field Effect Transistor (MOSFET) formed within and
upon the semiconductor substrate 30, thus limiting the injection of
charge carriers from the semiconductor substrate 30 into the gate
dielectric layer 38 of the Metal Oxide Semiconductor Field Effect

Transistor (MOSFET]}.

Methods and materials through which low dose ion implants
may in general be formed within integrated circuits are known
within the art of integrated circuit manufacture. Low dose ion
implants are typically provided through ion implantation methods
employing dopant species which are ionized and implanted at
sufficient velocity and dose to form into a semiconductor substrate
- regions of conductivity sufficient for low dose ion implants. The
polarity desired for the low dose ion implants will dictate the
polarity of the dopant species. Arsenic dopant species, boron
dopant species and phosphorus dopant species are common in the art.
For the preferred embodiment of the present invention, the low dose
ion implants 42a and 42b are preferably formed through implanting
a suitable dopant species into the active region of the
semiconductor substrate 30 at about 1E13 to about 1E14 ions per
square centimeter dose and about 20 to about 80 keV ion

implantation -energy.



- 16 -

Referring now to Fig. 3, there is shown a ‘schematic
cross-éectional diagram illustrating' the results of further
processing of the integrated circuit whose structure is illﬁstrated
in Fig. 2. Shown in Fig. 3 is the presence of: (1) insulator
spacers 44a and 44b formed adjoining a pair of opposite edges of
the gate electrode 40a and the gate dielectric layer 38, and (2):
insulator spacers 44c and 44d adjoining a pair of opposite edgeé of
the first planar capacitor electrode 34, the first planar capacitor
dielectric layer 36 and the second planar capacitor electrode 40b.
Methods and materials through which insulator'spacers may be formed
within integrated circuits are known within the art of integrated
circuit manufacture. Insulator spacers are typically, although not
exciusively, formed through',anisotropic Reactive Ion Etch (RIE)
etching of blanket layers of insulator materials formed within
integrated circuits. The blanket layers of insulator materials may
be forméd of insulator materials including but not limited to
silicon oxide insulator materials, silicon nitride insulator
materials and silicon oxynitride insulator materials deposited
within integrated -circuits through methods including but not
limited to Chemical Vapor Deposition (CVD) methods, Plasma Enhanced
Chemical Vapor Deposition (PECVD) methods and Physical Vapor

Deposition (PVD) sputtering methods.

For the preferred embodiment of the present invention,

the insulator spacers 44a, 44b, 44c and 444 may be formed of
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silicon oxide insulator materials, silicon nitride insulator

materials or silicon oxynitride materials, as is common in the art.

Also shown in Fig. 3 is the presence of source/drain
electrodes 46a and 46b formed, respectively, into the exposed
surfaces of the semiconductor substrate 30 between the isolation
region 32a and the insulator spacer 44a, and between the isolation
region 32b and the insulator spacer 44b. Methods and materials
through which source/drain electrodes may be formed within
integrated circuits are conventional to the art of integrated
circuit manufacture. Such methods and materials are also analogous
to the methods and materials through which are formed low dose ion
implants within integrated circuits. The polarity of the low dose
ion implants, if present, will dictate the polarity of the
source/drain electrodes. Arsenic dopant ions, boron dopant ions
and phosphorus dopant ions ére common in the art of forming
source/drain electrodes. For the preferred embodiment of the
present invention, the source/drain electrodes 46a and 46b are
preferably formed through ion implanting into the semiconductor
substrate 30 a suitable dopant species at an ion implantation dose
of from about 1E15 to about 5E15 ions per square centimeter and an

ion implantation energy of from about 20 to about 80 keV.

Finally, there is shown in Fig. 3 the presence of a

conformal Pre-Metal Dielectric (PMD) layer 48. Conformal Pre-Metal
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Dielectric (PMD) layers may in general be formed through methods

and materials analogous to methods and materials through which are
formed other dielectric layers within integrated circuits. These
methods and materials inclﬁding but are not limited to Chemical
Vapor Deposition (CVD) methods, Plasma Enhanced Chemical Vapor
Deposition (PECVD) methods and Physical Vapor Deposition (PVD)
sputtering methods through which are deposited dielectric materials
including but not iimited to silicon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride
dielectric materials. For the preferred embodiment of the present
invention, the conformal Pre-Metal Dielectric (PMD) layer 48 is
preferably formed of a Boro Phospho Silicate Glass (BPSG)
dielectric layer deposited through Chemical Vapor Deposition (cvb)
co-deposition method, as is common in the art. Other methods and
materials may, however, alternatively be employed. Preferably, the
thickness of the conformal Pre-Metal Dielectric (PMD) layer 48 is

from about 5000 to about 10000 angstroms.

Referring now to Fig. 4 there is shown a schematic cross-
sectional diagram illustrating the results of further processing of
the integrated circuit whose structure is illustrated in Fig. 3.
Shown in Fig. 4 is the results of planarizing the conformal Pre-
Metal Dielectric (PMD) layer 48 illustrated in'Fig. 3 to yield the
planar;zed Pre-Metal Dielectric (PMD) layers 48a and 48b. Methods

and materials through which conformal dielectric layers within
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integrated circuits may be planarized are known in the art.
Conformal dielecéric layers may be plahafized‘ through methods
including but not limited to Reactive Ion Etch (RIE) etchback
planarizing methods and Chemical Mechanical Polish (CMP)

planarizing methods.

For the preferred embodiment of the present invention,
the conformal Pre-Metal Dielectric (PMD) layer 48 is preferably
planarized to yield the planarized Pre-Metal Dielectric (PMD)
layers 48a and 48b through a Chemical Mechanical Polish (CMP)
pPlanarizing method, as is common in the art. Such Chemical
Mechanical Polish (CMP) planarizing methods have been described, in
general, by Cote in U.S. Patent 5,262,354 and Allman in U.S. Patent
5,312,512. The conformal Pre-Metal Dielectric (PMD) layer 48 is
preferably planarized through the Chemical Mechanical Polish (CMP)
planarizing method until the upper surface of the second planar

capacitor electrode 40b is fully exposed.

Referring now to Fig. 5, there is shown a schematic
cfoss-sectional diagram illustrating the re.sults of further
processing of the integrated circuit whose structure is illustrated
in Fig. 4. Shown in Fig. 5 is the presence of a series of
patterned planar dielectric layers S0a, S50b and S0c corresponding
with a series of patterned planarized Pre-Metal Dielectric (PMD)

layers 48a', 48a'' and 48a''' which are formed through patterning
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of the planariied Pre-Metal Dielectric (PMD) layer 48. Also shown
is the presence of a second planar capaciﬁéf dielectric layer 50d
formed spanning the surfaces of a patterned planarized Pre-Metal
Dielectric (PMD) layer 48a'''', the second planar capacitor
electrode 40b and the planarized Pre-Metal Dielectric (PMD) layer
48b.

In order to form the series of patterned planar
dielectric layers 50a, 50b and 50c, and the second planar capacitor
dielectric layer, there is first formed a blanket planar dielectric
layer upon the surface of the planarized Pre~Metal Dielectric (PMD)
layer 48a, the second planar capacitor electrode 40b and the
planarized Pre-Metal Dielectric (PMD) layer 48b. Methods and
materials through which is formed the blanket planar dielectric
layer are analogous to the methods and materials through which is
formed the blanket layer from which is forme& the first planar
capacitor dielectric layer 36. Preferably, the blanket planar
dielectric layer is formed of a dielectric material chosen from the
group of dielectric materials consisting of silicon oxide
dielectric materials, silicon nitride dielectric materials and
silicon oxynitride dielectric materials. Preferably, the blanket
Planar dielectric layer is preferably from about 200 to about 800

angstroms thick.

The blanket planar dielectric layer may then be patterned
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through photolithographic and etching methods as are conventional
in the art to form the patterned planar dielectric layers S0a, 50b
and 50c, and the second planar capacitor dielectric layer 50d.
Within the same photolithographic and etching method, the
planarized Pre-Metal Dielectric 1layer 48a is subsequently
sequentially patterned to form the patterned planarized Pre-Metal
Dielectric (PMD) layers 48a', 48a'', 48a''' and 48a'''', with
apertures reaching the surfaces of the source/drain electrode 46a,

the gate electrode 40a and the source/drain electrode 46b.

Also shown in Fig. S5 is the presence of conductive
contact studs 52a, 52b and S2c¢, which are formed into the series of
apertures formed by patterning the planarized Pre-Metal Dielectric
(PMD) layer 48a to yield the patterned planarized Pre-Metal

Dielectric (PMD) layers 48a', 48a'', 48a''' and 48a''''.

Methods and materials through which conductive contact
studs may be formed within patterned planarized dielectric layers
within integrated circuits are known within the art of integrated
circuit manufacture. Conductive contact studs may be formed into
apertures between patterned planarized dielectric layers through
methods including but not limited to thermally assisted evaporation
methods, electron beam assisted evaporation methods, Physical Vapor
Deposition (PVD) sputtering methods and Chemical Vapor Deposition

(CVD) methods. Conductive contact studs may be formed of
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conductive materials including but not limited to metals, metal

alloys and highly doped polysilicon.

For the preferred embodiment of the present invention,
the conductive contact studs 52a, 52b and 52c¢ are preferably formed
of tungsten metal formed into the apertures between the patterned
planarized Pre-Metal Dielectric (PMD) layers 48a', 48a'', 48a''’
and 48a'''' through a Chemical Vapor Deposition (CVD) method, as is
common in the art. The conductive contact studs 52a, 52b and 52c¢
make contact, respectively, with the source/drain electrode 46a,
the gate electrode 40a and the source/drain electrode 46b. The
conductive contact studs S2a, S52b and S52c are preferably formed of
a sufficient height to reach the upper surfaces of the patterned
planar dielectric layers S0a, S0b and S0c, and the second planar

capacitor dielectric layer S0d.

Finally, there is shown in Fig. 5 the presence of
patterned first conductor layers 54a, S54b and S54c, and a third
planar capacitor electrode 54d. Methods and materials through
which may be formed patterned conductor layers within integrated
circuits are known within the art of integrated circuit
manufacture. Patterned conductor layers are typically formed
through patterning and etching through methods as are conventional
in the art of blanket conductor layers. Blanket conductor layers

may be formed within integrated circuits from conductor materials
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including but ndt limited to metals, metal alloys and highly doped
polysilicon, formed.within.integrated circuits through methods
including but not limited to thermal evaporation methods, electron
beam assisted evaporation methods, Physical Vapor Deposition (PVD)
sputtering methods and Chemical Vapor Deposition (CVD) methods.
For the preferred embodiment of the present invention, the
patterned first conductor layers 54a, 54b and 54c, and the third
pPlanar capacitor electrode 54d are preferably simultaneously
patterned from a single blanket conductor layer formed of an
aluminum containing alloy. Preferably, the thickness of the
patterned first conductor layers 54a, S4b and 54c, and the third
pPlanar capacitor electrode 54d is from about 3000 to about 8000

angstroms each.

Upon forming the patterned first conductor layers 54a,
54b and S54c, and the third pPlanar capacitor electrode 54d, there is
formed an integrated circuit which has formed therein the high
areal capacitance planar capacitor of the preferred embodiment of
the present invention. The high areal capacitance planar capacitor
is comprised of the first planar capacitor electrode 34, the first
planar capacitor dielectric layer 36, the second planar capacitor
electrode 40b, the second plaﬁar capacitor dielectric layer 504 and
the third plaﬁar capacitor electrode 54d. The high areal
capacitance planar capacitof of the present invention has an areal

Capacitance approximately double that of planar capacitors
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conventional in the art, due to the présence of an additional
planar capacitor dielectric layer and an additional planar
capacitor electrode, in comparison with planar capacitors

conventional to the art.

In addition, many, if not all of the dielectric layers
and electrodes formed within the high areal capacitance planar
capacitor of the present invention may be formed concurrently with
dielectric layers and conductor layers which are employed in
forming other structures within the integrated circuit within which
is formed the high areal capacitance planar capacitor of the
present invention. Thus, the high areal capacitance planar
capacitor of the present invention may be formed within an

integrated circuit with limited, if any, additional masking steps.

Referring now to Fig. 6 there is shown a schematic plan-
view diagram of the high areal capacitance planar capacitor of the
present invention. Absent from Fig. 6 are: (1) portions of the
patterned planarized Pre-Metal Dielectric (PMD) layer 48a''‘'', (2)
portions of the planarized Pre-Metal Dielectric (PMD) layer 48b,
and (3) portions of the insulator spacers 44c and 44d, which
portions adjoin the high areal capacitance planar capacitor. Shown
in Fig. 6 is the presence of the third planar capacitor electrode
54d, immediately below which resides the second planar capacitor

dielectric layer 504. Directly beneath the secohd planar capacitor
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dielectric layer 50d resides the second planar capacitor electrode
40b and beneath Eﬁé second planar capacifd? electrode 40b resides
the first planar capacitor electrode 34. The outline of the first
pPlanar capacitor dielectric layer 36 is coincident with the second
planar capacitor electrode 40b. Thus, the first planar capacitor

dielectric layer 36 is not shown in Fig. 6.

As is understood by a person skilled in the art, the
preferred embodiment of the high areal capacitance planar capacitor
of the present invention is illustrative of the high areal
capacitance planar capacitor of the present invention rather than
limiting of the high areal capacitance planar capacitor of the
present invention. Revisions may be made to methods, materials
structures and dimensions through which is formed the high areal
capacitance planar capacitor of the present invention while still
forming a high areal capacitance planar capacitor within the spirit

and scope of the present invention.

What is claimed is:
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1. A method for forming a planar capacitor comprising:

providing a semiconductor substrate;

forming upon the semiconductor substrate a first planar
capacitdr electrode;

forming upon the first planar capacitor electrode a first
planar capacitor dielectric layer;

forming upon the first planar'capacitor dielectric layer
a second planar capacitor electrode;

forming upon the second planar capacitor electrode a
second planar capacitor dielectric layer; and,

forming upon the second planar capacitbr dielectric layer

a third planar capacitor electrode.

2. The method of Claim 1 wherein the first planar capacitor
electrode is formed of doped polysilicon at a thickness of

from about 1000 to about 4000 angstroms.

3. The method of Claim 1 wherein:

the first planar capacitor dielectric layer is formed
from a dielectric material chosen from the group of dielectric
materials consisting of silicon oxide dielectric materials,
silicon nitride dielectrié materials and silicon oxynitride
dielecﬁric materials; and,

the first planar capacitor dielectric layer is from about

200 to about 800 angstroms thick.

I
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4. The méthod of Claim 1 wherein:
the second planar capacitor electrode is formed from a
conductive material chosen from the group of conductive
materials consisting of highly doped polysilicon and tungsten
silicide polycide (highly doped polysilicon/tungsten silicide
stack)mconductive materials; and
the second planar capacitor electrode has a thickness of

from about 1500 to about 3000 angstroms.

5. The method of Claim 1 wherein:

the second planar capacitor dielectric layer is formed
from a dielectric material chosen from the group of dielectric
materials consisting of silicon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride
dielectric materials; and

the second planar capacitor dielectric layer is from

about 200 to about 800 angstroms thick.

6. The method of Claim 1 wherein the third planar capacitor
electrode is formed from a metal layer at a thickness of from

about 3000 to about 8000 angstroms.

7. The method of Claim 6 wherein the metal layer is
patterned from a conductor metal layer within an integrated

circuit.
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8. The méthod of Claim 1 further comprising forming and
planarizing a Pre—Metal_Dielectric (PMD) layer surrounding the
second planar capacitor electrode prior to forming the second
planar capacitof dielectric layer upon the second planar
capacitor electrode, the planarizing completely exposing the

upper surface of the second planar capacitor electrode.

9. A method for forming a planar capacitor within an
integrated circuit comprising:

providing a semiconductor substrate;

forming upon the semiconductor substrate a minimum of one
transistor;

forming upon the semiconductor substrate a first planar
capacitor electrode;

forming upon the first planar capacitor electrode a first
planar capacitor dielectric layer;

forming upon the first planar capacitor dielectric layer
a second planar capacitor electrode;

forming upon the second planar capacitor electrode a
second planar capacitor dielectric layer; and,

férming upon the second planar capacitor dielectric layer

a third planar capacitor electrode.

10. The method of Claim 9 wherein the transistor is a Metal

Oxide Semiconductor Field Effect Transistor (MOSFET).
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11. The method of Claim 9 wherein the first planar capacitor
electrode is formed of doped polysilicon at a thickness of

from about 1000 to about 4000 angstroms.

12. The method of Claim 9 wherein:

the first planar capa&itor dielectric layer is formed
from a dielectric material chosen from the group of dielectric
materials consisting of siliqon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride
dielectric materials; and

the first planar capacitor dielectric layer is from about

200 to about 800 angstroms thick.

13. The method of Claim 9 wherein:

the second planar capacitor electrode is formed from a
conductive material chosen from the group of conductive
materials consisting of highly doped polysilicon and tungsten
silicide polycide (highly doped polysilicon/tungsten silicide
stack) conductive materials: and

the second planar capacitor electrode is from about 1500

to about 3000 angstroms thick.

14. The method of Claim 9 wherein:
the second planar capacitor dielectric layer is formed

from a dielectric material chosen from the group of dielectric
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materials consisting of silicon oxide dielectric materials,
silicon nitride dielec£ric ﬁaterials and silicon oxynitride
dielectric materials; and

the second planar capacitor dielectric layer is from

about 200 to about 800 angstroms thick.

15. Thé method of Claim 9 wherein the'third planar capacitor
electrode is formed from a metal layer at a thickness of from

about 3000 to about 8000 angstroms.

16. The method of Claim 15 wherein the metal 1layer is
patterned from a conductor metal layer within an integrated

circuit.

17. The method of Claim 9 further comprising forming and
planarizing a Pre~Metal Dielectric (PMD) layer surrounding the
second planar capacitor electrode prior to forming the second
planar :capacitor dielectric layer upon the second planar
capacitor electrode, the planarizing completely exposing the

upper surface of the second planar capacitor electrode.

18. A planar capacitor comprising:
a semiconductor substrate;
a first planar capacitor electrode formed upon the

semiconductor substrate;

_

. This Sheet Has

HHIIIHHIII i~



* c L M S *

- 31 -

a first blanar capacitor dielectric layer formed upon the
first planar capacitor electrode;

a second planar capacitor electrode formed upon the first
planar capacitor dielectric layer;

a second planar.capacitor dielectric layer formed upon
the second planar capacitor electrode; and,

a third planar capacitor electrode formed upon the second

-planar capacitor dielectric layer.

19. The planar capacitor of Claim 18 wherein the first planar
capacitor electrode is formed of doped polysilicon at a

thickness of from about 1000 to about 4000 angstroms.

20. The planar capacitor of Claim 18 wherein:

- the first planar capacitor dielectric layer is formed
from a dielectric material chosen from the group of dielectric
materials consisting of silicon oxide dielectric materials,
silicon nitride dielectric materials and siligon oxynitride
dielectric materials; and

the first planar capacitor dielectric layer is from about

200 to about 800 angstroms thick.

21. The planar capacitor of Claim 18 wherein:
the second planar capacitor electrode is formed of a

conductive material chosen from the group of conductive
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materials cénsisting of highly doped pélysilicon and tungsten

"~ silicide poiycide (highly doped polysilicon/tungsten silicide

stack) conductive materials; and
the second planar capacitor electrode is from about 1500

to about 3000 angstroms thick.

22. The planar capacitor of Claim 18 wherein:

the second planar capacitor dielectric layer is formed
from a dielectric material chosen from the group of dielectric
materials consisting of silicon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride
dielectric materials; and

the second planar capacitor dielectric layer is from

about 200 to about 800 angstroms thick.

23. The planar capacitor of Claim 18 wherein the third planar
capacitor electrode is formed from a metal laYer at a

thickness of from about 3000 to about 8000 angstroms.

24. The planar capacitor of Claim 23 wherein the metal layer
is patterned from a conductor metal layer within an integrated

circuit.
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