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THIN-FILM CAPACITORS AND MEHTODS FOR 
FORMING THE SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to capaci 
tors in microelectronic devices. More particularly, the 
present invention relates thin-?lm capacitors and methods 
for forming the same. 

BACKGROUND OF THE INVENTION 

[0002] Formation of predictable and reliable capacitors in 
microelectronic devices may be desirable for several rea 
sons. For example, mixed signal, radio frequency, and other 
circuits or devices may desirably include integrated capaci 
tors With predictable and reliable electrical characteristics. 
Moreover, these devices often preferably include capacitors 
With loW voltage coef?cients (change of capacitance With 
voltage over an operating voltage range), good capacitor 
matching, and relatively predictable capacitor values. If 
capacitors form part of an integrated circuit, it may also be 
desirable to minimiZe additional processes or changes to 
processes required to form the capacitor. In other Words, it 
is desirable to reduce the number of processes that are 
capacitor formation speci?c. Accordingly, it is often desir 
able to form such capacitors using substantially standard 
semiconductor process ?oWs such as CMOS, bipolar, and 
BiCMOS processes. 

[0003] Capacitors for microelectronic devices and the like 
may be formed in a variety of con?gurations. Often, such 
capacitors may be in the form of a thin-?lm capacitor and 
include tWo substantially parallel layers of conductive mate 
rial separated by an insulating layer. Conductive materials 
typically include doped silicon substrate, polysilicon, or 
metal; insulating materials typically include a dielectric 
material such as silicon oxide, silicon nitride, silicon oxyni 
tride, tantalum oxide, barium strontium titanate, or other 
insulating materials. 

[0004] The thin-?lm capacitor is generally formed by 
depositing, patterning, and etching various layers on a 
substrate. Typically, a ?rst parallel layer of conductive 
material (a base plate) is formed by depositing the conduc 
tive material over the surface of the substrate, Wherein the 
substrate may be a semiconductor Wafer With several layers 
of conducting, insulating, semiconducting and semi-insulat 
ing layers thereon. Alternatively, the conductive material 
may be formed by doping the semiconductor substrate or 
another layer With substantially conductive material. 

[0005] If the base plate is formed by depositing conductive 
material on the Wafer surface, the material may be patterned 
With photoresist and etched using an appropriate Wet or dry 
etch process. Similarly, and regardless of hoW the base plate 
Was formed, the insulating layer may be formed by depos 
iting insulating material over the surface of the Wafer, 
patterning the insulating material, and etching the insulating 
material leaving at least some insulating material over at 
least a portion of the conducting layer. Asecond conducting 
plate (top plate of the capacitor) may be formed over the 
insulating layer in a like manner. 

[0006] Typical capacitor materials and con?gurations of 
top and base capacitor plates knoWn in the art generally 
include: a polysilicon top plate and a doped substrate base 
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plate, a polysilicon top plate and a polysilicon base plate, a 
metal top plate and a polysilicon base plate, a metal top plate 
and a doped substrate plate, and a metal top plate and a metal 
base plate. Of these various capacitor con?gurations, the 
metal-to-metal capacitors, Which have relatively loW plate 
sheet resistance, may be particularly advantageous because, 
among other reasons, the capacitor generally has reduced 
parasitic capacitance because it alloWs for increased distance 
betWeen the metal layers and the substrate (i.e., the base 
plate may be formed above the substrate surface). The 
metal-to-metal capacitors also generally have loWer voltage 
coef?cients due to reduced voltage induced depletion effects 
at the metal-to-insulator interface. In addition, because the 
metal plates of the capacitors have relatively loW sheet 
resistance, the capacitors have relatively loW series resis 
tance, Which alloWs capacitors With high a large Q factor to 
be constructed on the surface of a substrate. Capacitors With 
large Q factors may be particularly bene?cial for use in RF 
circuits. 

[0007] In an effort to reduce device and circuit costs, it is 
generally preferred to reduce the siZe of the devices and 
circuits and their corresponding capacitors. Capacitor siZe, 
for a given capacitance, may be reduced by increasing the 
capacitor’s capacitance density. The increase in capacitance 
density can be achieved by using insulating layers With 
higher dielectric constant, by reducing the thickness of the 
insulating layer (i.e., the distance betWeen the top and base 
plate of the capacitor), or a combination thereof. 

[0008] The preferred distance betWeen conducting layers 
for a given dielectric material is often governed by voltage 
breakdoWn design parameters, and the breakdoWn voltage 
parameters are generally dependent upon, among other 
things, the minimum distance betWeen conducting layers. If 
either the insulating layer or the conducting layers, or a 
combination thereof have rough surfaces, the insulating 
layer thickness may have to be increased to compensate for 
the thinner regions of the layer such that the thinnest portion 
of the insulating layer provides adequate (e.g., suf?ciently 
high) breakdoWn voltage characteristics. 

[0009] One method of smoothing a surface of the insulat 
ing or conducting layer is to use chemical mechanical 
planariZation (CMP), also knoWn as chemical mechanical 
polishing. Acapacitor formed by using CMP to form the top 
and bottom plates of a capacitor is disclosed in Us. Pat. No. 
5,708,559, issued to BrabaZon et al. on Jan. 13, 1998. The 
’559 patent discloses methods of forming a capacitor on a 
surface of a Wafer by forming a trench in an insulation layer, 
depositing metal over the insulation layer and planariZing 
the surface of the Wafer to form the bottom plate of the 
capacitor. A thin layer dielectric is then deposited and 
patterned over the ?rst capacitor plate, and this layer is 
patterned and etched such that a portion of the ?rst metal 
plate of the capacitor is exposed. A second insulator is then 
deposited on the Wafer surface and openings are etched into 
the second insulating material. A second metal layer is then 
deposited on top of the insulating layer, ?lling the openings, 
thereby forming a contact to the ?rst and second plates of the 
capacitor. 

[0010] While the ’559 patent discloses methods for form 
ing thin-?lm, metal-insulator-metal capacitors on a surface 
of a Wafer, the disclosed processes generally include either 
excess or additional photoresist masking steps to form the 
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capacitor plates, Which may increase overall Wafer fabrica 
tion costs, or the methods include etch stops on a part of the 
dielectric that communicates With the top capacitor plate. 
Use of such etch stops may cause variation of capacitance 
values due to capacitor formation processing and the like. In 
addition, the disclosed methods generally require etching 
through thick insulating layers to de?ne the capacitor area. 
Etching of these thick layers typically results in increased 
variation of the trench dimensions that de?ne the plate 
dimensions. This variation may in turn cause increased 
variation in the electrical properties of the capacitor such as 
capacitor matching. In addition, the processes disclosed in 
the ’559 patent may include additional processing steps to 
form electrical contacts to the bottom metal plate capacitor. 
Simpli?ed, cost-effective, and Well de?ned capacitor ?oWs 
are therefore desirable. In addition, capacitor formation 
processes that alloW for capacitor formation at various levels 
or layers on a substrate may be desirable. 

[0011] Capacitor characteristics, including capacitor reli 
ability, may also depend on the integrity of the capacitor 
perimeter (e. g., the perimeter of the base plate, insulator, top 
plate, or a combination thereof). Prior-art capacitor forma 
tion processes typically expose the perimeter of the capaci 
tor, particularly the perimeter of the dielectric material, to 
subsequent semiconductor processing steps such as inter 
layer dielectric deposition, etch, and the like. Such exposure 
may degrade the capacitor characteristics or render the 
characteristics unpredictable. Accordingly, methods of 
forming the capacitor that protect the capacitor perimeter 
during the formation are desirable. 

SUMMARY OF THE INVENTION 

[0012] The present invention provides improved thin-?lm 
capacitors and methods for forming the same. While the Way 
in Which the present invention addresses the various disad 
vantages of presently knoWn capacitors Will be addressed 
hereinbeloW, in general, the invention provides a capacitor 
that is formed during formation of other microelectronic 
devices With relatively feW additional processing steps. In 
addition, the capacitor formation processing steps are pref 
erably con?gured to alloW for improved capacitor charac 
teristics control and to form robust, reliable capacitors. 

[0013] In accordance With an exemplary embodiment of 
the present invention, a spacer is formed around a capacitor 
plate perimeter to reduce process-induced damage to the 
perimeter of the capacitor dielectric and to the dielectric-to 
plate interface. 

[0014] In accordance With another exemplary embodiment 
of the present invention, a capacitor plate is formed by 
forming a trench in a ?rst insulating material. Conducting 
material is then deposited over the surface of the Wafer, 
?lling the trench. The conducting material is then planariZed 
to produce a plate of the capacitor Within the trench; a 
second insulating material is then deposited over the surface 
of the Wafer to form the capacitor dielectric. Next, the top 
plate of the capacitor is formed by depositing conducting 
material over the surface of the Wafer and patterning and 
etching the conducting material to form the top plate and 
de?ne the capacitor area. 

[0015] In accordance With a further exemplary embodi 
ment of the present invention, a capacitor plate and conduc 
tive plugs are formed in a ?rst insulating material. The 
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capacitor and conductive plugs are formed by etching 
trenches and vias in the ?rst insulating material and depos 
iting conductive material over a surface including trenches 
and vias. The conductive material is then planariZed to 
produce the base plate of the capacitor in the trenches and 
conductive plugs in the vias. A second insulating material, 
the capacitor dielectric, is then deposited over the surface of 
the Wafer. Next, the top plate of the capacitor is formed by 
depositing conductive material over the surface of the Wafer 
and patterning and etching this layer to form the capacitor 
top plate. In accordance With an exemplary aspect of this 
embodiment, a conductive feature may simultaneously be 
formed during the top plate formation. Another dielectric 
thin ?lm is then deposited onto the Wafer surface and then 
etched back to form a sideWall spacer along the perimeter of 
the capacitor top plate to protect the capacitor perimeter 
during subsequent processing steps. In accordance With a 
further aspect of the invention, ?lms such as insulating 
materials are deposited as an interlevel dielectric to the next 
conductive layer. Vias and trenches are then formed Within 
the interlevel dielectric material and conductive material is 
deposited and planariZed using single or dual damascene 
processes to form electrical connections to underlying lay 
ers. 

[0016] In accordance With a further exemplary embodi 
ment of the present invention, the capacitor insulating mate 
rial and top plate overhang the base plate. The overhang of 
the insulating material and top plate alloW etch steps Which 
are less selective With respect to the top conductive layer and 
various insulating materials to be used during capacitor 
formation. 

[0017] In accordance With another embodiment of the 
present invention, electrical contacts to the capacitor top 
plate are formed in the overhang region to alloW use of less 
selective etches With respect to the top plate material during 
top plate contact formation. 

[0018] In accordance With another exemplary embodiment 
of the present invention, the top plate of the capacitor may 
be offset from the base plate of the capacitor, alloWing 
various electrical connections to the top and base plates to be 
made from either the top or bottom of the respective plate. 

[0019] In accordance With another exemplary embodiment 
of the present invention, the capacitor dielectric and the top 
plate of the capacitor may overhang the base plate. In 
addition, the top plate of the capacitor may be formed in the 
top most metalliZation level. This alloWs increased distance 
betWeen the substrate and the capacitor, Which provides 
reduced parasitic capacitance to the substrate. 

[0020] In accordance With another exemplary embodiment 
of the present invention, the capacitor may be formed near 
the substrate surface (e.g., in the ?rst metalliZation level). 
This alloWs refractory metals to be used to form the base 
plate of the capacitor, Which in turn alloWs for high tem 
perature processing such as dielectric material anneals sub 
sequent to base plate formation. 

[0021] In accordance With another exemplary embodiment 
of the present invention, a capacitor base plate and conduc 
tive plug are formed in a ?rst insulating material by etching 
a trench and via Within the ?rst insulating material. In 
accordance With a further aspect of the present invention, the 
via and trench are formed using separate patterning steps 
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such that the trench is relatively shallow and the via extends 
through the ?rst insulating material. The capacitor base plate 
and conductive plugs are subsequently formed by depositing 
conductive material over the surface of the ?rst insulating 
material. The conductive material is then planariZed to 
produce the base plate of the capacitor and conductive plugs 
in the vias. A second insulating material, the capacitor 
dielectric, is then deposited over the surface of the Wafer. 
Next, the dielectric is patterned and etched to form structures 
having a positive overhang With respect to the base plate and 
removed from areas aWay from the structures. The top plate 
of the capacitor is then formed by depositing conductive 
material over the surface of the Wafer and patterning and 
etching this layer to form the capacitor top plate. In accor 
dance With an eXemplary aspect of this embodiment, con 
ductive features such as metal lines are formed during top 
capacitor plate formation. In accordance With yet a further 
aspect of this embodiment, other ?lms such as insulating 
materials are deposited as an interlevel dielectric to the neXt 
conductive layer. Vias are then formed Within the interlevel 
dielectric material and metal is deposited, patterned and 
etched to form the electrical connections to the capacitor and 
other conductive features. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] A more complete understanding of the present 
invention may be derived by referring to the detailed 
description and claims When considered in connection With 
the draWing ?gures, Wherein like reference numbers refer to 
similar elements throughout the ?gures, and: 

[0023] FIG. 1 is a schematic cross-sectional diagram of a 
semiconductor Wafer including a thin-?lm capacitor in 
accordance With the present invention; 

[0024] FIG. 2 is a schematic cross-sectional diagram of a 
Wafer shoWing a trench and a via formed Within an insulat 
ing layer; 
[0025] FIG. 3 is a schematic cross-sectional diagram of 
the Wafer shoWn in FIG. 2 With conductive material depos 
ited over the surface of the Wafer; 

[0026] FIG. 4 is a schematic cross-sectional diagram of 
the Wafer shoWn in FIG. 3 after the conductive material has 
been planariZed; 

[0027] FIG. 5 is a schematic cross-sectional representa 
tion of the Wafer shoWn in FIG. 4 With a dielectric ?lm and 
a conductive material deposited on the Wafer surface; 

[0028] FIG. 6 is a schematic cross-sectional diagram of 
the Wafer shoWn in FIG. 5 With a top plate of a capacitor 
formed on the surface of the Wafer; 

[0029] FIG. 7 is a schematic cross-sectional diagram of 
the Wafer shoWn in FIG. 6 With a second dielectric ?lm 
deposited on top of the Wafer; 

[0030] FIG. 8 is schematic cross-sectional diagram of the 
Wafer shoWn in FIG. 7 With the second dielectric ?lm etched 
back to form sideWall spacers along the perimeter of the 
capacitor; 

[0031] FIG. 9 is a schematic cross-sectional diagram of a 
thin-?lm capacitor on a surface of a semiconductor Wafer in 
accordance With an alternate embodiment of the present 
invention; 
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[0032] FIG. 10 is a schematic cross-sectional diagram of 
a Wafer including a capacitor formed at an interior portion of 
the Wafer in accordance With an alternate embodiment of the 
present invention; 

[0033] FIG. 11 is a schematic cross-sectional diagram of 
a Wafer including a capacitor, having a top plate offset from 
a bottom plate, formed at an interior portion of the Wafer in 
accordance With an alternate embodiment of the present 
invention; 
[0034] FIG. 12 is a schematic cross-sectional diagram of 
a Wafer including a thin-?lm capacitor having a top plate 
offset from a bottom plate, in accordance With an alternate 
embodiment of the present invention; 

[0035] FIG. 13 is a schematic cross-sectional diagram of 
a Wafer including a thin-?lm capacitor having a top plate 
overhanging a bottom plate in accordance With an alternate 
embodiment of the present invention; 

[0036] FIG. 14 is a schematic cross-sectional diagram 
shoWing a base plate formed Within an insulating material: 

[0037] FIG. 15 is a schematic cross-sectional representa 
tion of the Wafer shoWn in FIG. 14 With a dielectric structure 
formed thereon; 

[0038] FIG. 16 is a schematic cross-sectional diagram of 
the Wafer shoWn in FIG. 15 With the top plate of a capacitor 
formed thereon; and 

[0039] FIG. 17 is a schematic cross-sectional diagram of 
a Wafer including a thin-?lm capacitor in accordance With an 
alternate embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0040] The present invention generally relates to capaci 
tors formed on a substrate surface and to methods for 
forming the capacitors. More particularly, the invention 
relates to forming thin-?lm capacitors on a substrate surface 
using chemical mechanical planariZation (CMP). While the 
thin-?lm capacitors of the present invention may be formed 
on the surface of any substrate, the present invention is 
conveniently described in connection With the surface of a 
semiconductor Wafer, Wherein the Wafer may have several 
layers of conducting, insulating, semi-conducting and semi 
insulating layers deposited and patterned thereon. Further, 
during formation of the capacitor or other microelectronic 
devices on a semiconductor surface, the surface of the Wafer 
may change from step to step in the fabrication process. 
Therefore, as used beloW, the term surface generally means 
the top of the semiconductor Wafer, and may not necessarily 
refer to any particular ?lm or device structure. 

[0041] A thin-?lm capacitor 10 in accordance With the 
present invention is shoWn in FIG. 1. Thin-?lm capacitor 10 
generally includes a base plate 12, a dielectric layer 14 and 
a top plate 16. Thin-?lm capacitor 10 is typically surrounded 
by insulating layers 18 and 20 and conductive plugs 21, 22, 
23, 50a and 50b are typically used to form electrical contacts 
to various components on the Wafer. 

[0042] In accordance With various embodiments of the 
present invention, methods of forming capacitor 10 and 
other features on the Wafer preferably require feW additional 
steps (e.g., deposition, masking, and etching steps) that are 
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speci?c to capacitor 10 formation. In addition, preferable 
embodiments are generally con?gured such that capacitor 10 
may be formed at various metalliZation levels. Accordingly, 
the preferred capacitors and methods described beloW are 
designed to be robust such that they may be formed or 
implemented at various metalliZation levels on the Wafer 
surface. 

[0043] With reference to FIGS. 2-8, thin-?lm capacitor 10 
may be formed on a surface 24 of a semiconductor Wafer. 
Surface 24 may include any material and preferably includes 
an insulating ?lm 26 and a conductive feature 28. Insulating 
?lm 26 may include any material that is resistant to the 
conduction of electricity. Such materials may include doped 
or undoped silicon oxide, phosphosilicate glass, tetraethy 
lorthosilane (undoped or doped With boron and/or phospho 
rous), loW-k dielectric materials such as spin on dielectrics, 
?uorinated oxides, or the like. Conductive feature 28 may 
include any material capable of conducting electricity such 
as, for example, polysilicon, doped polysilicon, tungsten, 
aluminum, copper, titanium nitride, any combination 
thereof, or the like. 

[0044] In exemplary aspects of this embodiment of the 
present invention, base plate 12 is formed Within insulating 
layer 18 using damascene processing, Which includes form 
ing a trench Within the insulating material, ?lling the trench 
With material, and removing any excess material from the 
surface by CMP or other planariZing processes. Accordingly, 
capacitor 10 formation generally begins With depositing 
insulating layer 18 onto surface 24 of the Wafer. Insulating 
material 18 may include any material that is resistant to 
conduction of electricity. Preferably, insulating material 18 
includes an oxide, a doped oxide, a loW-k dielectric material, 
any combinations thereof, or the like. For example, insulat 
ing material 18 may include silicon oxide. Insulating mate 
rial 18 is preferably planariZed using CMP to provide a 
smooth surface for subsequent processing. As discussed in 
greater detail hereinbeloW, planariZing a surface such as the 
surface of material 18 may facilitate relatively precise 
transfer of a photoresist pattern onto a surface, Which alloWs 
for relatively predictable capacitor performance. 

[0045] Referring noW to FIG. 2, insulating layer 18 may 
be patterned and etched to form trenches 30, 32 and a via 34. 
Trenches 30, 32 and via 34 may be formed by any methods 
noW knoWn in the art or hereafter devised. For example, 
trenches 30, 32 may be formed by patterning the surface of 
material 18 With an etch-resistant substance and exposing 
portions of material 18 to an etchant. In accordance With 
various aspects of the present invention, trenches 30, 32 and 
via 34 may be formed With the same (damascene processing) 
or distinct masking and etching steps (dual damascene 
processing). If the damascene process is employed, no 
additional device fabrication steps that are speci?c to capaci 
tor 10 formation are required to form base plate 12 of 
capacitor 10. 

[0046] Referring particularly to FIG. 3, base plate 12 of 
capacitor 10 and conductive features such as line 36 and 
plug 21 may be formed by depositing a conducting material 
38 over the surface of insulating layer 18. Conducting 
material 38 may include any material that alloWs conduction 
of electricity. In exemplary embodiments of the present 
invention, conducting materials may include metals such as 
copper, tungsten, aluminum, or titanium nitride. In particu 
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larly preferred embodiments of the present invention, con 
ducting material 38 includes a barrier metal of about 0 to 
about 800 A of titanium nitride, titanium, tantalum, tantalum 
nitride, combinations thereof, or the like and about 1000 to 
about 10,000 A of copper, aluminum, or tungsten. In accor 
dance With various aspects of this embodiment, plate 12 may 
be formed in a ?rst or relatively loW metalliZation level. In 
this case, the substrate may be exposed to high temperature 
processing subsequent to plate 12 formation. For example, 
the substrate may be exposed to a thermal process such as a 
rapid thermal anneal at temperatures up to about 600° C. in 
an oxygen, nitrogen, hydrogen, or the like atmosphere. The 
thermal treatment may help reduce charge traps Within the 
dielectric, reduce current leakage in the device, and increase 
the breakdoWn voltage of the device. 

[0047] Referring noW to FIG. 4, base plate 12 and line 36 
are de?ned by removing a portion of conducting material 38 
such that the top of conducting material 38 is substantially 
in the same plane as the top of insulating layer 18. Prefer 
ably, the portion of conducting material 38 is removed using 
CMP. Using CMP to remove a portion of conducting mate 
rial 38 is advantageous for capacitor formation because, 
among other reasons, it provides a smooth top and pla 
nariZed surface 40 of base plate 12 for improved capacitor 
10 performance. If base plate 12 includes a smooth surface, 
a thinner insulating layer betWeen base plate 12 and top plate 
16 may be used Without jeopardizing capacitor performance. 

[0048] In accordance With a preferred aspect of this 
embodiment, base plate 12 may be conditioned to prevent 
dielectric layer-conducting layer interface degradation. Con 
ditioning techniques may include a sputter clean, passivation 
anneals in atmospheres of oxygen, nitrogen, hydrogen, other 
gases, and combinations thereof. In addition, a thin barrier 
layer (not shoWn) having a thickness of about 50 to about 
500 A may be deposited onto surface 40. In this case, 
additional masking and etching steps may consequently be 
necessary to remove the barrier layer form the surface of 
material 18 to prevent shorts betWeen base plate 12 and line 
36 and the like. 

[0049] Referring noW to FIG. 5, an insulating material 
such as dielectric layer 14 of capacitor 10 may be formed by 
depositing a dielectric material over the entire surface of the 
Wafer. Dielectric layer 14 may be formed using any material 
that is partially or Wholly resistant to the conduction of 
electricity. Preferably, material used to form dielectric layer 
14 also has a high dielectric constant. Such materials pref 
erably include silicon oxides, silicon nitrides, silicon oxyni 
trides, tantalum oxide, barium strontium titanate, or the like. 
The particular thickness of dielectric layer 14 may depend 
on a particular application of capacitor 10, upon desired 
capacitor characteristics, and the like. HoWever, in a par 
ticularly preferred embodiment of the present invention, 
dielectric layer 14 is approximately 50 to about 1000 A 
thick. 

[0050] With continued reference to FIG. 5, a conductive 
material 42 is deposited over the surface of dielectric layer 
14. In particularly preferred embodiments of the present 
invention, conductive material 42 includes ?lms comprising: 
titanium nitride, titanium nitride/titanium, titanium nitride/ 
titanium/titanium nitride, titanium nitride/tungsten, tantalum 
nitride/copper, combinations thereof and the like, With thick 
nesses ranging from about 800 to about 3000 
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[0051] In accordance With an exemplary embodiment of 
the present invention, top plate 16 formation includes pat 
terning a substantially planar surface. Patterning over a 
planar surface (i.e., a surface that is substantially devoid of 
topography) alloWs relatively true pattern translation. In 
particular, during capacitor top plate 16 formation, the 
photoresist pattern can be substantially accurately trans 
ferred to material 42 for relatively accurate de?nition of top 
plate 16, particularly if material 42 is suf?ciently thin, for 
example, less than about 2000 Suf?ciently thin top plate 
16 may also result in reduced localiZed etch pro?le varia 
tions, such as, for example, reactive ion etching lag, pattern 
dependent pro?le microloading, and the like, as Well as 
reduced across-Wafer material 14 ?lm-thickness variations 
due to material 42 etch and over etch processes. This 
patterning over the substantially planar surface may also 
increase capacitor matching. 
[0052] Capacitor matching is a comparison of the capaci 
tance values and electrical properties of tWo or more iden 
tically or similarly designed capacitors. Good capacitor 
matching typically indicates good circuit and capacitor 
performance. Generally, capacitors that are compared are 
placed close to each other on a substrate in a symmetric 
manner; this layout alloWs precise measurement of the 
capacitor matching and reduces minimiZing process varia 
tion contributions to differences in the respective capacitor 
properties. Good capacitor matching is particularly impor 
tant for RF and mixed signal devices. 

[0053] With reference noW to FIG. 6, top plate 16 of 
capacitor 10 may be formed over dielectric layer 14 in a 
variety of Ways. Preferably, top plate 16 is formed by coating 
material 42 With photoresist, patterning the photoresist, 
developing the photoresist, and etching material 42 to form 
top plate 16. In accordance With various aspects of this 
embodiment of the present invention, dielectric material 14 
acts as an etch stop layer for material 42 etch such that 
material 42 etchants do not react With material 18 and the 
like. 

[0054] With reference noW to FIGS. 7 and 8, a spacer 48 
may be formed about the perimeter of top plate 16 to, among 
other things, protect the perimeter of the interface betWeen 
dielectric 14 and top plate 16 and of dielectric 14 from 
potential chemical attack or degradation during subsequent 
Wafer processing. Spacer 48 is preferably con?gured to 
minimiZe potential interaction betWeen capacitor 10 mate 
rials and other materials on the Wafer surface, to reduce 
defect density at the perimeter of capacitor 10, and improve 
capacitor 10 reliability and matching. 
[0055] Spacer 48 is preferably formed by depositing an 
insulating material 44 onto the Wafer surface. Material 44 
may include silicon oxide, silicon nitride, the same material 
as dielectric 14, or combinations thereof. Material 44 may be 
deposited using chemical vapor deposition, spin-on tech 
niques, and the like. Preferably, about 500 to about 3000 A 
of material 44 is deposited onto the Wafer surface. In 
accordance With exemplary embodiments, the thickness of 
the material 44 is preferably greater than or equal to the 
thickness of the dielectric 14. Spacer 48 may be de?ned by 
removing material 44 from all parts of the Wafer except near 
sideWall 46 of plate 16. This may be done, for example, by 
using an anisotropic dry etch process. 

[0056] Any number of conducting, semi-conducting, 
semi-insulating or insulating ?lms may be added to the 
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surface of the Wafer after capacitor 10 is formed. For 
example, as shoWn in FIG. 1, insulating layer 20 may be 
deposited onto the surface of capacitor 10 and subsequently 
planariZed using CMP. Conductive features such as plugs 
22, 23, and 50 and lines 52, 53 may be formed in accordance 
With the damascene, dual damascene, or deposition and etch 
methods described above. Preferably, for the damascene and 
dual damascene processes, the etchant used during feature 
22, 23, 50 formation to remove material 20 etches material 
20 at a rate greater than it etches plate 16 material, such that 
the etch does not punch through top plate 16 and attack 
dielectric 14, or to base plate 12 to create unWanted capaci 
tor shorts. After features such as lines 51-53 are formed, the 
surface of layer 20 may be planariZed to form the structure 
shoWn in FIG. 1. 

[0057] In accordance With a preferred embodiment of the 
present invention, methods for forming capacitors 10 and 
the like are preferably chosen such that, if possible, minimal 
additional or neW process steps are required to form the 
capacitors. Accordingly, the process How sequence 
described for forming the structure shoWn in FIG. 1, includ 
ing capacitor 10, preferably requires only a single additional 
patterning step in addition to typical damascene interconnect 
processes. The addition of only one additional masking step 
makes the addition of capacitor 10 to a microelectronic 
device relatively simple and inexpensive. 
[0058] In accordance With an alternate embodiment of the 
present invention and as shoWn in FIG. 9, a capacitor 100 
may suitably be formed Without the inclusion of spacers. 
Capacitor 100 may be advantageous because it requires 
feWer processing steps to form the device. HoWever, capaci 
tor 100 may be susceptible to potential chemical attack and 
resulting degradation due to subsequent processing steps. 
[0059] In accordance With all alternate embodiment of the 
present invention and as shoWn in FIG. 10, a top plate 202 
of a capacitor 200 may be larger in area than a base plate 
204. In this case, an electrical connection to base plate 204 
may be formed using the methods noted above, namely 
damascene and/or dual damascene processes. When top 
plate 202 overhangs base plate 204, connections to base 
plate 204 using conductive features such as plugs 206, 207 
beloW base plate 204 to an underlying conductive feature 
such as line 208 are generally required. The “positive 
overhang” of top plate 202 may be particularly advanta 
geous because it serves to, among other things, protect 
device layers such as a dielectric layer 210 and base plate 
204 from damage during subsequent device fabrication 
steps. 
[0060] In accordance With various aspects of the above 
embodiment, a plug 212 above top plate 202 may be 
positioned substantially in a region de?ned by the positive 
overhang regions 214, 216. This aspect of the present 
embodiment alloWs an etchant for via formation for plug 
212 that is not particularly selective With respect to dielectric 
210 or top plate 202 material to be employed for the via 
formation process. If the via etch is not selective, as the 
length of overhang 214 approaches Zero, the chance of 
forming unWanted capacitor shorts betWeen plates 202, 204 
increases. ContrariWise, if a selective via etch is used, then 
plugs may be formed above top plate 202 in an area de?ned 
by bottom plate 204 (e.g., plugs 218 and 220). 
[0061] Referring noW to FIG. 11, in accordance With 
another embodiment of the present invention, a capacitor 
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300 may be formed in the top most metalliZation layers on 
the Wafer surface. Forming capacitor 300 on the upper most 
layers may be advantageous because, among other reasons, 
parasitic capacitance betWeen capacitor 300 and the sub 
strate (e.g., semiconductor Wafer) is reduced because of the 
increased distance betWeen a base plate 302 and the sub 
strate. This embodiment may be desirable in high frequency 
(e.g., RF) applications Where parasitic capacitance is par 
ticularly problematic. Capacitor 300 formation may require 
additional masking and etching steps to form a capacitor 
dielectric structure 304 compared to the exemplary embodi 
ments described above in connection With FIGS. 1-10. In 
particular, unlike the embodiments described above, layer 
304 is preferably patterned and etched to remove all the 
dielectric material aWay from structure 304 to, among other 
things, expose conductive features such as lines 308, 310. 
Top plate 306 material is subsequently deposited and pat 
terned such that electrical connections may be made to, for 
example, feature 308. 

[0062] As shoWn in FIG. 11, electrical connection to top 
plate 306 may be formed beneath plate 306 using, line 308, 
a plug 312, and a line 314. Similarly, electrical connections 
to base plate 302 may be formed using conductive plugs 
316, 318 and a line 320. 

[0063] Referring noW to FIG. 12, a capacitor 400 With a 
top plate 402 offset from a bottom plate 404, in accordance 
With an alternate embodiment of the present invention, is 
shoWn. In accordance With an exemplary aspect of this 
embodiment, capacitor 400 is formed at an interior metal 
liZation level. In other Words, devices including capacitor 
400 may include additional insulating layers such as a layer 
406 and conductive features such as lines 408, 410, and 412 
and plugs 414, 416, and 418. Capacitor 400 may be formed 
using processes described above in connection With capaci 
tor 300. The offset of top plate 402 alloWs for electrical 
connections to top plate 402 and bottom plate 404 to be 
formed from metalliZation levels Which are either above or 
beneath the respective plates. Capacitor 400 may also 
include a spacer 420 as shoWn in FIG. 12, Which may be 
formed using methods described above in connection With 
spacer 48 formation. 

[0064] In accordance With yet another embodiment of the 
present invention, as shoWn in FIG. 13, a capacitor 500 
including various metal features such as lines 502 and 503 
may be formed during the same process steps used to form 
a top plate 504. With this process, conductive features such 
as lines 502 and 503 may be formed using deposition and 
etch processes described above, and conductive plugs 510, 
512, 514, and 516 may be formed using damascene pro 
cesses (i.e., etch, ?ll, and planariZe) processes described 
above. As described in more detail beloW, the method 
according to this embodiment of the present invention 
typically requires masking and etching steps to form a 
capacitor base plate 506 and a capacitor dielectric feature 
508 in addition to those used to form other device features. 

[0065] Referring noW to FIG. 14, conductive features 
such as lines 518 and 520 are formed using conventional 
deposition and etch processes. An interlayer dielectric mate 
rial 522 is then deposited onto the Wafer surface. Dielectric 
material may include any material resistant to the conduc 
tion of electricity, including insulating and dielectric mate 
rials described above in connection With other embodiments 
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of the present invention. In accordance With an exemplary 
embodiment of the present invention, material 522 may be 
planariZed to provide a smooth surface for subsequent 
processing. Abottom plate 506 of capacitor 500 may then be 
formed using damascene processing as described above. 
Note that the conductive features such as line 502 are not 
formed during base plate 506 formation, as Was the case for 
the embodiment described in connection With FIG. 1. 

[0066] Referring noW to FIG. 15, a dielectric structure 
524 may be formed by depositing a dielectric material over 
the entire surface of the Wafer. Dielectric material may 
include any material that is partially or Wholly resistant to 
the conduction of electricity. Preferably, material used to 
form dielectric layer also has a high dielectric constant. Such 
materials may include silicon oxides, silicon nitrides, silicon 
oxynitrides, tantalum oxide, barium strontium titanate, or 
other high dielectric constant materials. As With previous 
embodiments of the present invention, the particular thick 
ness of the dielectric layer may depend on a particular 
application of capacitor 500, upon desired capacitor 500 
characteristics, and the like. After deposition, the dielectric 
material is patterned and etched to form structure 524. In 
accordance With an exemplary embodiment of the present 
invention, the patterning and etching processes are con?g 
ured such that structure 524 extends beyond base plate 506, 
creating overhang regions 526, 528. Also, the patterning and 
etching processes are con?gured such that plugs 510, 514 
are exposed. This alloWs an electrical connection to be 
formed to other conductive features (e.g., lines 502, 503) by 
subsequently depositing other layers of conductive material. 

[0067] Referring noW to FIG. 16, lines 502 and 503 and 
top plate 504 may be formed by depositing conductive 
material over the Wafer surface, patterning the conductive 
material, and etching the material to form lines 502 and 503, 
plate 504, and the like. Overhang regions 526 and 528 alloW 
for relatively aggressive etches to be used during top plate 
504 formation because base plate 506 is shielded from such 
an etch by dielectric structure 524. During subsequent 
device process steps, other features such as plugs 512, 516 
may be formed on the Wafer surface. For example, dielectric 
material 530 may be deposited onto the Wafer surface and, 
if desired, planariZed. Material 530 may then be patterned 
and etched to form vias for plugs 512, 516 and the like. 
Subsequent conductive features such as lines 532, 534, 536, 
538 and the like may then be formed by depositing a 
conductive material such as metal over the Wafer surface and 
patterning and etching the conductive material to form 
features 532-538. 

[0068] In accordance With another embodiment of the 
present invention, a device including a capacitor 600 may be 
con?gured such that a top plate 602 forms part of the top 
metalliZation level as shoWn in FIG. 17. As noted above in 
connection With various other embodiments, this embodi 
ment may be particularly desirable in high frequency (e.g., 
RF) applications Where parasitic capacitance is particularly 
problematic. Capacitor 600 suitably includes top plate 602, 
a dielectric structure 604, and a base plate 606. 

[0069] As shoWn in FIG. 17, electrical connections 
betWeen top plate 602 and other device components may be 
formed using, for example, a line 608, a plug 610, and a line 
612. Similarly, base plate 606 may be electrically coupled to 
other device features using plugs 614, 616 and a line 620. 
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[0070] The terms top and bottom have been used through 
out this application to refer to various layers, plates and 
surfaces. These terms are used for reference to the drawing 
?gures only and are not meant to limit possible con?guration 
of capacitors described hereinabove. In addition, although 
the present invention is set forth herein in the context of the 
appended draWing ?gures, it should be appreciated that the 
invention is not limited to the speci?c forms shoWn. Various 
other modi?cations, variations and enhancements in the 
design and arrangement of the thin-?lm capacitors as set 
forth herein may be made Without departing from the spirit 
and scope of the present invention as set forth in the 
appended claims. For eXample, various feature or devices 
such as resistors, inductors and the like may be formed on 
a surface of a Wafer during device or capacitor formation. 

What is claimed is: 
1. A method for forming a capacitor on a surface of a 

substrate, the method comprising: 

depositing a ?rst insulating material on the surface of the 
substrate; 

forming a trench Within said insulating material; 

depositing a ?rst conductive material onto said ?rst insu 
lating material; 

removing a portion of said conductive material to form a 
base plate such that the top surface of said ?rst con 
ductive and said ?rst insulating material are substan 
tially planar; 

forming an insulating layer over said conductive material; 
and 

forming a top plate of a capacitor, Wherein said top plate 
is formed by depositing a second conductive material 
and etching said second conductive material such that 
at least a portion of said second conductive material 
resides over said insulating layer. 

2. The method for forming a capacitor on a surface of a 
substrate of claim 1, the method further comprising the step 
of forming a via Within said ?rst insulating material. 

3. The method for forming a capacitor on a surface of a 
substrate of claim 2, the method further comprising the step 
of forming a conductive plug Within said via. 

4. The method for forming a capacitor on a surface of a 
substrate of claim 1, the method further comprising the step 
of forming an electrical connection betWeen said substrate 
and said bottom plate. 

5. The method for forming a capacitor on a surface of a 
substrate of claim 1, the method further comprising forming 
an electrical contact to said top plate of said capacitor. 

6. The method for forming a capacitor on a surface of a 
substrate of claim 1, the method further comprising forming 
a spacer about a perimeter of said capacitor. 

7. Athin-?lm capacitor formed on a surface of a substrate, 
the capacitor comprising: 
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a ?rst insulating layer having a base plate of a capacitor 
and a conductive plug formed therein: 

a second insulating material having a top plate of the 
capacitor and a conductive feature formed therein, 
Wherein said conductive feature is in electrical contact 
With said base plate, and 

a dielectric material interposed betWeen said base and top 
plates, Wherein said dielectric material covers at least a 
portion of said bottom plate. 

8. The capacitor of claim 7, Wherein said dielectric 
material covers the top surface of said base plate. 

9. The capacitor of claim 7, Wherein said top plate covers 
the top surface of said dielectric material. 

10. The capacitor of claim 7, Wherein said dielectric 
material comprises barium strontium titanate. 

11. The capacitor of claim 7, Wherein the dielectric 
thickness is about 50 angstroms to about 1 micron. 

12. The capacitor of claim 7, Wherein said base plate 
material includes titanium, titanium nitride and aluminum 
copper. 

13. The capacitor of claim 12, Wherein the thickness of 
said base plate is about 1000 angstroms to about 1 micron 
thick. 

14. The capacitor of claim 7, Wherein said top plate 
material includes titanium. 

15. The capacitor of claim 7, Wherein the thickness of said 
top plate is about 1000 angstroms to about 1 micron thick. 

16. The capacitor of claim 7 further comprising a spacer 
about a perimeter of said capacitor. 

17. A thin-?lm capacitor formed on a surface of a sub 
strate, the capacitor comprising: 

a ?rst insulating layer having a base plate and a conduc 
tive feature formed therein; 

a dielectric structure over at least a portion of said base 
plate; and 

a second insulating material having a top plate of the 
capacitor and a conductive plug formed therein, 
Wherein said conductive plug forms electrical contact 
to said base plate of the capacitor. 

18. The capacitor according to claim 17, Wherein said top 
plate overhangs said base plate. 

19. The capacitor according to claim 17, Wherein said 
dielectric structure overhangs said base plate. 

20. The capacitor according to claim 17, Wherein said top 
plate is offset from said base plate. 

21. The capacitor according to claim 17, Wherein said 
dielectric structure is offset from said base plate. 

22. The capacitor according to claim 17 further compris 
ing a spacer about a perimeter of said capacitor. 


