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BEOL WIRING STRUCTURES THAT
INCLUDE AN ON-CHIP INDUCTOR AND AN
ON-CHIP CAPACITOR, AND DESIGN
STRUCTURES FOR A RADIOFREQUENCY
INTEGRATED CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is related to application Ser. No.

, filed as Attorney Docket No. BUR920080203US1
on even date herewith and entitled “METHODS OF FABRI-
CATING A BEOL WIRING STRUCTURE CONTAINING
AN ON-CHIP INDUCTOR AND AN ON-CHIP CAPACI-
TOR”, which is hereby incorporated by reference herein in its
entirety.

FIELD OF THE INVENTION

[0002] The invention relates generally to semiconductor
device fabrication and, in particular, to back-end-of-line wir-
ing structures that include an on-chip inductor and an on-chip
capacitor, as well as design structures for a radiofrequency
integrated circuit.

BACKGROUND OF THE INVENTION

[0003] Capacitors and inductors represent two types of on-
chip passive devices commonly employed in many types of
monolithic integrated circuits designed to operate at high
frequencies, such as those found in wireless communication
devices. In particular, on-chip passive devices are found in
radiofrequency integrated circuits (RFICs), which have
applications such as Phase-Locked Loop (PLL) transmitters,
voltage controlled oscillators (VCOs), impedance matching
networks, filters, etc. The integration of on-chip capacitors
and inductors is accomplished by introducing these passive
devices into one or more of the metallization levels of the
back-end-of-line (BEOL) wiring structure, which are used to
electrically connect the active devices fabricated using the
semiconductor substrate during front-end-of-line (FEOL)
processing. A popular method of forming a BEOL wiring
structure is a dual damascene process in which vias and
trenches in various dielectric layers are filled with metal in the
same process step to create multi-level, high density metal
interconnections.

[0004] Relevant parameters characterizing on-chip induc-
tors include inductance and the quality factor Q. The quality
factor Q, which is a commonly accepted indicator of inductor
performance in an RFIC, represents a measure of the relation-
ship between energy loss and energy storage. Parasitic
capacitance and parasitic resistance from eddy current losses
are generated between the conductors forming the on-chip
inductor and the semiconductor substrate. A high value for
the quality factor, Q, reflects low energy losses to the sub-
strate. To that end, conventional BEOL wiring structures may
rely on a Faraday shield at the first metal (M1) level to opti-
mize substrate isolation of on-chip inductors.

[0005] Despite their usefulness, on-chip passive devices
tend to make rather inefficient use of the surface area in the
BEOL wiring structure. In particular, completely separate
areas are used for each on-chip inductor and each on-chip
capacitor. As a result, the area available in the BEOL wiring
structure for the conductive paths actually used to connect the
active devices is reduced.
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[0006] Improved BEOL wiring structures and RFIC design
structures are needed that integrate on-chip capacitors and
inductors in a compact form factor to overcome problems
associated with the conventional inefficient use of chip area
and other deficiencies of conventional BEOL wiring struc-
tures integrating on-chip capacitors and inductors, as well as
the related deficiencies of RFIC design structures.

SUMMARY OF THE INVENTION

[0007] In an embodiment of the invention, a back-end-of-
line (BEOL) wiring structure is provided that is fabricated on
a substrate carrying an integrated circuit. The BEOL wiring
structure includes at least one first metallization level with a
plurality of first conductive features and at least one second
metallization level characterized by a plurality of second
conductive features. The at least one second metallization
level is disposed vertically between the at least one first met-
allization level and the substrate. An on-chip inductor is
included in the first conductive features of the at least one first
metallization level. An on-chip capacitor is included in the
second conductive features of the at least one second metal-
lization level. The on-chip capacitor is positioned laterally
within the at least one second metallization level such that the
on-chip capacitor is in a substantially vertical alignment with
the on-chip inductor in the at least one first metallization
level.

[0008] The vertically stacked arrangement or layout for the
on-chip capacitor and the on-chip inductor in the BEOL wir-
ing structure conserves the chip area required for these pas-
sive devices by providing a compact form factor. As a result,
more area is available in the BEOL wiring structure for con-
nections with the active devices carried on the chip. Because
of the vertically stacked layout, the on-chip capacitor may
also function as a Faraday shield so that a discrete Faraday
shield may be omitted from the BEOL wiring structure.

[0009] Inanother embodiment, the BEOL wiring structure
is included in a design structure, which is embodied in a
machine readable medium for designing, manufacturing, or
testing an integrated circuit. The design structure may com-
prise a netlist. The design structure may also reside on storage
medium as a data format used for the exchange of layout data
of integrated circuits. The design structure may reside in a
programmable gate array.

[0010] In yet another embodiment, a BEOL wiring struc-
ture is fabricated on a substrate carrying an integrated circuit.
The BEOL wiring structure includes at least one first metal-
lization level and at least one second metallization level dis-
posed vertically between the at least one first metallization
level and the substrate. An on-chip inductor includes a plu-
rality of signal lines included in the at least one first metalli-
zation level and an on-chip capacitor includes a plurality of
electrodes included in the at least one second metallization
level. A plurality of conductive features in the at least one first
metallization level and the at least one second metallization
level connect the signal lines of the on-chip inductor with the
electrodes of the on-chip capacitor to define an LC resonator,
which has a resonance frequency. At least one floating elec-
trode, which is included in the at least one second metalliza-
tion level, is electrically isolated from the electrodes of the
on-chip capacitor. A switching device is configured to con-
nect the at least one floating electrode indirectly with the
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electrodes of the on-chip capacitor to permit tuning of the
resonance frequency of the LC resonator during operation of
the integrated circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
various embodiments of the invention and, together with a
general description of the invention given above and the
detailed description of the embodiments given below, serve to
explain the embodiments of the invention.

[0012] FIG.1 is a perspective view of a portion of a BEOL
wiring structure that integrates an on-chip inductor and an
on-chip capacitor constructed in accordance with an embodi-
ment of the invention and in which the capacitor is arranged
between the inductor and the substrate with dielectric layers
for the metallization levels omitted for clarity of illustration.
[0013] FIG. 2 is an enlarged view of corner portions of the
on-chip capacitor of FIG. 1.

[0014] FIG. 2A is a cross-sectional view of a portion of
FIG. 2 in which one port of the on-chip capacitor and the
dielectric layers for the different metallization levels are vis-
ible, as well as the substrate and active devices underlying the
BEOL wiring structure.

[0015] FIG. 2B is a cross-sectional view similar to FIG. 2A
in which the other port of the on-chip capacitor is visible.
[0016] FIG. 3 is a perspective view similar to FIG. 1 of a
BEOL wiring structure in which a Faraday shield is disposed
between the on-chip inductor and on-chip capacitor in accor-
dance with an alternative embodiment of the invention.
[0017] FIG. 3A is a cross-sectional view of the BEOL wir-
ing structure of FIG. 3 in which one port of the on-chip
capacitor and the dielectric layers for the different metalliza-
tion levels are visible.

[0018] FIG. 4 is a perspective view similar to FIG. 3 of a
BEOL wiring structure in which the Faraday shield is dis-
posed between the on-chip capacitor and the active devices on
the substrate in accordance with an alternative embodiment of
the invention.

[0019] FIG. 4A is a cross-sectional view of the BEOL wir-
ing structure of FIG. 4 in which one port of the on-chip
capacitor and the dielectric layers for the different metalliza-
tion levels are visible.

[0020] FIG. 5 is an enlarged view similar to FIG. 2 of a
tunable on-chip capacitor for use in combination with the
BEOL wiring structure in accordance with an alternative
embodiment of the invention.

[0021] FIG. 6 is a flow diagram of a design process used in
semiconductor design, manufacture, and/or test.

DETAILED DESCRIPTION

[0022] With reference to FIGS. 1, 2, 2A, 2B and in accor-
dance with an embodiment of the invention, a back-end-of-
line (BEOL) wiring structure, generally indicated by refer-
ence numeral 10, includes a dielectric layer 12 of a
metallization level (M,), a dielectric layer 14 of a metalliza-
tion level (M,_,) underlying the metallization level (M,), an
on-chip capacitor 16 embedded in the dielectric layers 12, 14,
a dielectric layer 18 of an upper metallization level (M, )
overlying the metallization level (M,,), a dielectric layer 19 of
an upper metallization level (M,,,) overlying the metalliza-
tion level (M,_,), and an on-chip inductor 20 embedded in the
dielectric layers 18, 19. Additional metallization levels (not
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shown) may exist below the metallization level (M,_,),
between metallization level (M,) and metallization levels
(M., ;> M,,,), and/or above the upper metallization levels
M, ;, M,,,). Conductive features in the different metalliza-
tion levels of the BEOL wiring structure, such as the repre-
sentative features 13, 15, 17 visible in FIG. 2A, interconnect
devices of an integrated circuit and may provide circuit-to-
circuit connections, or may establish contacts with input and
output terminals. Typically, features in upper metallization
levels of the BEOL wiring structure 10 are thicker and wider,
and have a greater pitch, than features found in lower metal-
lization levels.

[0023] The on-chip capacitor 16 and on-chip inductor 20 of
the BEOL wiring structure 10 represent passive devices asso-
ciated with an integrated circuit, such as a radiofrequency
integrated circuit (RFIC), which also includes active devices,
such as the representative active devices 22q, 225, fabricated
by front-end-of-line (FEOL) processes on a substrate 24. The
active devices 22a, 22b are illustrated as field effect transis-
tors, although the invention is not so limited, having gate
stacks 21a, 215 on a top surface 23 of the substrate 24 and
source/drain diffusions in the semiconductor material of the
substrate 24. The device design for such RFICs and the nature
of'the various FEOL processes are familiar to a person having
ordinary skill in the art. The substrate 24 is typically a chip or
die comprising a piece of a semiconductor wafer composed of
a semiconductor material including, but not limited to, silicon
(Si), silicon germanium (SiGe), a silicon-on-insulator (SOI)
layer, and other like silicon-containing semiconductor mate-
rials. The active devices 22a, 22b are coupled by vias and
wires in the M1 metallization level in the upper metallization
levels or with each other.

[0024] The on-chip capacitor 16, which is structured as a
vertical natural capacitor, includes conductive bars or tabs 26,
28 and electrodes 30, 32 constructed in the dielectric layer 12
of metallization level (M, ), as well conductive bars or tabs 34,
36 and electrodes 38, 40 fabricated in the dielectric layer 14 of
metallization level (M, _,). In one embodiment, the involved
metallization levels (M) and (M,,_, ) for the on-chip capacitor
16 are the M2 and M3 levels, or the M3 and M4 levels, of the
BEOL wiring structure 10. Electrodes 30 are directly con-
nected with conductive tab 26, electrodes 32 are directly
connected with conductive tab 28, electrodes 38 are directly
connected with conductive tab 34, and electrodes 40 are
directly connected with conductive tab 36.

[0025] The conductive tabs 26, 28 and the conductive tabs
34, 36 have respective substantially parallel arrangements
spaced by an amount sufficient to fit the electrodes 30, 32 or
38, 40 into the space separating them. Electrodes 30, 32 are
disposed between conductive tabs 26, 28, and electrodes 38,
40 are disposed between conductive tabs 34, 36. In metalli-
zation level (M,), electrodes 30 project laterally as spaced-
apart, substantially parallel fingers or arms from conductive
tab 26 toward conductive tab 28. Similarly, electrodes 32
project laterally as spaced-apart, substantially parallel fingers
or arms from conductive tab 26 in a direction toward conduc-
tive tab 28. In metallization level (M,_,), electrodes 38
project laterally as spaced-apart, substantially parallel fingers
or arms from conductive tab 34 toward conductive tab 36 and,
similarly, electrodes 40 project laterally as spaced-apart, sub-
stantially parallel fingers or arms from conductive tab 36
toward conductive tab 34.

[0026] Theelectrodes 30,32, 38,40 are arranged in respec-
tive arrays of rows with one of the electrodes 30 stacked in
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near vertical alignment above one of the electrodes 38 and one
of the electrodes 32 stacked in near vertical alignment above
one of the electrodes 40, as best shown in FIG. 2. Specifically,
the lateral sidewalls of the electrodes 30 are approximately
aligned, when viewed in a vertical direction normal to the top
surface 23 of the substrate 24, with the lateral sidewalls of the
electrodes 38. Similarly, the lateral sidewalls of the electrodes
32 are approximately aligned, when viewed in a vertical
direction normal to the top surface 23 of the substrate 24, with
the lateral sidewalls of the electrodes 40.

[0027] Electrodes 30 and 32 have an interleaved arrange-
ment relative to each other within the plane of the metalliza-
tion level (M, ) to define an interleaved construction in which
one of the electrodes 30 is disposed between each adjacent
pair of electrodes 32 and, conversely, one of the electrodes 32
is disposed between each adjacent pair of electrodes 30. Elec-
trodes 38 and 40 have a similar interleaved arrangement in
which the electrodes 38, 40 alternate in a lateral direction
within the plane of the metallization level (M, _,). Slots or
spaces between the electrodes 30, 32, 38, 40 and conductive
tabs 26, 28, 34, 36 are filled with portions of the dielectric
layers 12, 14, which supply electrical isolation.

[0028] Interconnect members, in the representative form of
a row of spaced-apart vias 42 defined in the dielectric layer
14, extend vertically between conductive tab 26 and conduc-
tive tab 34 in the different metallization levels (M, M,_,).
Interconnect members, in the representative form of a row of
spaced-apart vias 44 defined in the dielectric layer 14, extend
vertically between conductive tab 28 and conductive tab 36
between the different metallization levels (M., M,._,). Vias 42
electrically short conductive tabs 26, 34 together to define a
port, which is generally indicated by reference numeral 25, of
the on-chip capacitor 16. Vias 44 electrically short conductive
tabs 28, 36 together to define another port, which is generally
indicated by reference numeral 35, of the on-chip capacitor
16.

[0029] Interconnect members, in the representative form of
a row of spaced-apart vias 46, extend vertically in dielectric
layer 14 between the electrodes 30 in metallization level (M)
and the electrodes 38 in metallization level (M,._,). The elec-
trodes 30 and 38 are electrically connected in parallel by the
vias 46. Interconnect members, in the representative form of
arow of spaced-apart vias 48, also extend vertically in dielec-
tric layer 14 between the electrodes 32 in metallization level
(M,) and the electrodes 40 in metallization level (M,_, ). The
electrodes 32 and 40 are electrically connected in parallel by
the vias 46. As a result, the conductive tabs 26, 34 and each
stack containing electrodes 30, 38 are interconnected in elec-
trical continuity to effectively define one set of capacitor
plates, and the conductive tabs 28, 36 and each stack contain-
ing electrodes 32, 40 are interconnected in electrical continu-
ity to effectively define the opposite set of capacitor plates.
Vias 42, 44, 46, 48 are contained in a common via level
positioned between metallization level (M,) and metalliza-
tion level (M, _)).

[0030] Port 25 of the on-chip capacitor 16 is connected to a
power supply terminal of one polarity and port 35 of the
on-chip capacitor 16 is connected to the power supply termi-
nal of opposite polarity. As a result of this type of opposite
polarity electrical connection and the interleaved arrange-
ment described above, the electrodes 30, 38 and electrodes
32, 40 are electrically connected in an alternating manner to
power supply terminals of opposite polarity, which generates
a capacitance laterally between the electrodes 30, 32 and the
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electrodes 38, 40. The capacitance of the on-chip capacitor 16
has a fixed value, which is determined at least in part by the
absolute number of electrodes. Each individual array of elec-
trodes 30, 32, 38, 40 may each contain 10 to 50 electrodes, or
an even greater number of electrodes. The capacitor dielectric
for the on-chip capacitor 16 is supplied by portions of the
dielectric layers 12, 14 used as interlayer dielectrics for the
metallization levels M, M__,).

[0031] The on-chip capacitor 16 forms a vertical natural
capacitor structure as recognized by a person having ordinary
skill in the art. The on-chip capacitor 16 may have one or more
additional rows of interleaved electrodes (not shown) added
either to a metallization level of the BEOL wiring structure 10
below metallization level (M,_, ) or to a metallization level of
the BEOL wiring structure 10 between metallization level
(M,)) and the on-chip inductor 20. Either construction is char-
acterized by more than the two levels present in the represen-
tative embodiment. In one specific embodiment of the inven-
tion, the involved metallization levels of a three-level
construction for the on-chip capacitor 16 may be the M2, M3,
and M4 levels of in the BEOL wiring structure 10.

[0032] The on-chip inductor 20 includes a concentric array
of signal lines 50, 52 that are disposed in the dielectric layers
18, 19 above dielectric layer 14 and bar vias 54 defined in
dielectric layer 18 between the signal lines 50, 52. As illus-
trated, the signal lines 50, 52 have a octagonal geometry with
plural concentric conductor turns; however, the invention is
not so limited as the signal lines 50, 52 may also be formed in,
for example, concentric hexagonal, rectangular, square, or
circular geometrical shapes. The bar vias 54, which extend
vertically in a via level of the BEOL wiring structure 10,
electrically connect the signal lines 50 in metallization level
(M,,,) with the signal lines 52 in metallization level (M., ,).
In an alternative embodiment, the bar vias 54 may be replaced
by vias (not shown) that are similar to vias 42, 44, 46, 48
associated with the on-chip capacitor 16.

[0033] Thesignallines 50, 52, as well as the bar vias 54, are
buried in and surrounded by portions of the dielectric layers
18, 19. Ports or terminals 56, 58, which are located at opposite
ends of the signal lines 50, 52, are electrically coupled with
the active devices 224, 225 of the integrated circuit disposed
on the substrate 24. Alternatively, the terminals 56, 58 may be
electrically coupled with the ports 25, 35 of the on-chip
capacitor 16 to form an LC resonator, as described below. The
signal lines 50, 52 and bar vias 54 are conductive features in
the upper metallization levels (M,_,, M,,,), such as the M4
and M5 levels or the M5 and M levels of the BEOL wiring
structure 10. In the latter instance, additional intervening
metallization levels may separate the on-chip inductor 20
from the on-chip capacitor 16.

[0034] The on-chip capacitor 16 and the on-chip inductor
20 are arranged laterally within the respective metallization
levels and in approximate vertical alignment such that the
on-chip capacitor 16 is disposed between the on-chip induc-
tor 20 and the substrate 24. Specifically, the outermost edges
of the on-chip capacitor 16, such as representative edges 90,
92 respectively visible in FIGS. 2A and 2B, are approxi-
mately aligned, when viewed in a vertical direction, with the
outermost edges of the on-chip inductor 20, such as represen-
tative edges 94, 96 respectively visible in FIGS. 2A and 2B. In
the representative embodiment, the on-chip capacitor 16
effectively operates as a Faraday shield to enhance the induc-
tor quality by increasing the quality factor, Q, of the on-chip
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inductor 20 and to provide isolation between the active
devices 22a, 225 on substrate 24 and the on-chip inductor 20.
[0035] As mentioned above, the on-chip capacitor 16 and
on-chip inductor 20 are formed by damascene processes con-
ventionally associated with BEOL processing, which is used
to form the conductive features in the various different
stacked metallization levels of the BEOL wiring structure 10.
Because of this commonality during manufacture, the con-
ductive features of the on-chip capacitor 16 and on-chip
inductor 20 are formed simultaneously with the other con-
ductive features used to establish electrical connections with
the active devices 22a, 22b on each associated metallization
level (having the same material, thickness, etc).

[0036] Specifically, dielectric layer 14 is applied by a con-
ventional deposition technique recognized by a person hav-
ing ordinary skill in the art, and a pattern of via openings and
trenches is defined in dielectric layer 14 using known lithog-
raphy and etching techniques characteristic of a damascene
process. To that end, a resist layer (not shown) is applied to the
top surface of dielectric layer 14, exposed to radiation to
impart a latent image of a trench pattern characteristic of tabs
34, 36 and electrodes 38, 40, and developed to transform the
latent image of the trench pattern into a final image pattern
with laterally dispersed surface areas of dielectric layer 14
unmasked at the future sites of tabs 34, 36 and electrodes 38,
40. Unmasked regions of dielectric layer 14 at these sites are
removed with an etching process, such as reactive ion etching
(RIE), capable of producing substantially vertical sidewalls
for the trenches. The resulting trenches are filled using a
conventional deposition process with amounts of a represen-
tative conductor to define the tabs 34, 36 and electrodes 38, 40
of metallization level (M,,_,). Any excess overburden of con-
ductor remaining after the filling step is removed by pla-
narization, such as with a chemical mechanical polishing
(CMP) process.

[0037] Dielectric layer 12 is then applied by a conventional
deposition process on dielectric layer 14. A resist layer (not
shown) is applied to the top surface of dielectric layer 12,
exposed to radiation to impart a latent image of a via opening
pattern for vias 42, 44, 46, 48, and developed to transform the
latent image of the via pattern into a final image pattern with
laterally dispersed surface areas of dielectric layer 12
unmasked at the future sites of vias 42, 44, 46, 48. Unmasked
regions of dielectric layer 12 at these future via sites are
removed with an etching process, such as RIE, capable of
producing substantially vertical sidewalls for the via open-
ings which extend vertically to the top surfaces of the tabs 34,
36 and electrodes 38, 40.

[0038] Another resist layer (not shown) is applied to the top
surface of dielectric layer 12, exposed to radiation to impart a
latent image of a trench pattern for tabs 26, 28 and electrodes
30, 32, and developed to transform the latent image of the
trench pattern into a final image pattern with laterally dis-
persed surface areas of dielectric layer 12 unmasked at the
future sites of tabs 26, 28 and electrodes 30, 32. Unmasked
regions of dielectric layer 12 at these sites are removed with
an etching process, such as RIE, capable of producing sub-
stantially vertical sidewalls for the trenches. In a dual dama-
scene process, the via openings and trenches in the dielectric
layer 12 are filled with a representative conductor to define
the tabs 26, 28, electrodes 30, 32, and vias 42, 44, 46, 48 of
metallization level (M,,). Any excess overburden of conductor
remaining after the filling step is removed by planarization,
such as a CMP process.
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[0039] The various resist layers used to form the on-chip
capacitor 16 are the resist layers used to form the conventional
BEOL metallization contained in metallization level (M,_,)
and metallization level (M,). Consequently, the conductive
features of the on-chip capacitor 16 represent portions of the
BEOL metallization in these different metallization levels of
the BEOL wiring structure 10.

[0040] Dielectric layer 18 is applied in direct contact with
dielectric layer 12. A resist layer (not shown) is applied to the
top surface of dielectric layer 18, exposed to radiation to
impart a latent image of a trench pattern for signal lines 52 and
developed to transform the latent image of the trench pattern
into a final image pattern with laterally dispersed surface
areas of dielectric layer 18 unmasked at the future sites of
signal lines 52. An etching process, such as RIE, capable of
producing substantially vertical trench sidewalls is applied to
remove unmasked regions of the dielectric layer 18 at these
future sites. The trenches are then filled with a representative
conductor to define the signal lines 52. Any excess overbur-
den of conductor remaining after the filling step is removed
by planarization, such as a CMP process.

[0041] Dielectric layer 19 is applied in direct contact with
dielectric layer 18. Another resist layer (not shown) is applied
on dielectric layer 19, exposed to radiation to impart a latent
image of a via opening pattern for bar vias 54 and developed
to transform the latent image of the via pattern into a final
image pattern with laterally dispersed surface areas of dielec-
tric layer 19 unmasked at the future sites of the bar vias 54.
Unmasked regions of the dielectric layer 19 at these sites are
removed with an etching process, such as RIE, capable of
producing substantially vertical sidewalls for the via open-
ings, which extend vertically to the top surfaces of the signal
lines 52.

[0042] Yet another resist layer (not shown) is applied to the
top surface of dielectric layer 19, exposed to radiation to
impart a latent image of a trench pattern for signal lines 50,
and developed to transform the latent image of the trench
pattern into a final image pattern with laterally dispersed
surface areas of dielectric layer 19 unmasked at the future
sites of signal lines 50. Unmasked regions of dielectric layer
19 at these sites are removed with an etching process, such as
reactive ion etching (RIE), capable of producing substantially
vertical sidewalls for the trenches. In a dual damascene pro-
cess, the via openings and trenches in the dielectric layer 19
are filled with a representative conductor to define the signal
lines 50 and bar vias 54. Any excess overburden of conductor
remaining after the filling step is removed by planarization,
such as a CMP process.

[0043] The various resist layers used to form the on-chip
inductor 20 are the resist layers used to form the conventional
BEOL metallization contained in the metallization levels
(M, ;> M,,,). Consequently, the conductive features of the
on-chip inductor 20 represent portions of the BEOL metalli-
zation in the metallization levels (M., ;, M,,,) of the BEOL
wiring structure 10.

[0044] Dielectric layers 12, 14, 18, 19 may comprise any
organic or inorganic dielectric material recognized by a per-
son having ordinary skill in the art, which may be deposited
by any number of well known conventional techniques such
as sputtering, spin-on application, chemical vapor deposition
(CVD) process or a plasma enhanced CVD (PECVD) pro-
cess. Candidate inorganic dielectric materials for dielectric
layers 12, 14, 18, 19 may include, but are not limited to,
silicon dioxide, fluorine-doped silicon glass (FSG), and com-
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binations of these dielectric materials. Alternatively, the
dielectric material constituting dielectric layers 12, 14, 18,19
may be characterized by a relative permittivity or dielectric
constant smaller than the dielectric constant of silicon diox-
ide, which is about 3.9. Candidate low-k dielectric materials
for dielectric layers 12, 14, 18, 19 include, but are not limited
to, porous and nonporous spin-on organic low-k dielectrics,
such as spin-on aromatic thermoset polymer resins, porous
and nonporous inorganic low-k dielectrics, such as organo-
silicate glasses, hydrogen-enriched silicon oxycarbide (Si-
COH), and carbon-doped oxides, and combinations of
organic and inorganic dielectrics.

[0045] Candidate conductive materials for the on-chip
capacitor 16 and on-chip inductor 20 include, but are not
limited to, copper (Cu), aluminum (Al), alloys of these met-
als, other similar metals like tungsten (W), and metal sili-
cides. These types of metals may be deposited by conven-
tional deposition processes including, but not limited to a
CVD process and an electrochemical process like electroplat-
ing or electroless plating as understood by a person having
ordinary skill in the art. A thin conductive liner layer (not
shown) may respectively clad one or more portions of the
on-chip capacitor 16 and on-chip inductor 20 to isolate the
conductor from the surrounding dielectric material and to
optionally enhance adhesion between conductor and dielec-
tric material. As examples, the thin conductive liner layer may
comprise a bilayer of titanium and titanium nitride or a bilayer
of tantalum or tantalum nitride applied to the dielectric mate-
rial in each instance by conventional deposition processes.
[0046] In one embodiment, the on-chip capacitor 16 and
on-chip inductor 20 may be coupled together in parallel to
produce an LC tank or resonator for use in an RFIC. This is
accomplished by providing conductive paths during BEOL
processing in the metallization levels that establish connec-
tions between the on-chip capacitor 16 and the on-chip induc-
tor 20. For example, the representative features 13, 15, 17
visible in FIG. 2A may be used to electrically connect one of
the ports 25, 35 of on-chip capacitor 16 with one of the
terminals 56, 58 of on-chip inductor 20. The LC resonator has
a resonance frequency given mathematically by the recipro-
cal of the square root of the product of the inductance, L, of
the on-chip inductor 20 and the capacitance, C, of the on-chip
capacitor 16. Because the interconnected structure containing
the on-chip capacitor 16 and on-chip inductor 20 oscillates at
a well-defined frequency, it is possible to fabricate a voltage
controlled oscillator (VCO).

[0047] Because of the vertically stacked arrangement for
the on-chip capacitor 16 and on-chip inductor 20 in the BEOL
wiring structure 10, the L.C resonator is implemented with a
relatively compact footprint, in comparison with conven-
tional implementations, that makes more efficient use of the
total surface area of the chip in contrast to the conventional
use of completely separate chip areas for the fabrication of
these passive devices.

[0048] With reference to FIGS. 3 and 3A in which like
reference numerals refer to like features in FIGS. 1, 2, 2A, 2B
and in accordance with an alternative embodiment, the BEOL
wiring structure 10 may be modified to incorporate a Faraday
shield 60 deployed between the on-chip capacitor 16 and the
on-chip inductor 20. The Faraday shield 60 is disposed in
dielectric layer 62 of one or more metallization levels of the
BEOL wiring structure 10 between the metallization levels
(M., M, _,) containing the on-chip capacitor 16 and the met-
allization levels (M., ;, M, ,) containing the on-chip inductor
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20. For example, the involved metallization levels (M,,) and
(M,._,) may be the M2 and M3 levels for the on-chip capacitor
16, the M4 level for the Faraday shield 60, and the M5 and M6
levels for the on-chip inductor 20. The Faraday shield 60
constitutes a portion of the conductive features of the
involved one or more metallization levels. The Faraday shield
60 is electrically isolated from the on-chip capacitor 16 and
the on-chip inductor 20 by portions of at least the dielectric
layers 12, 14, 18, and 62.

[0049] The Faraday shield 60, which is continuously tied to
ground, includes a plurality of substantially identical parallel
line segments or arms 64, 66 that extend orthogonally from
opposite side edges of a central line 68. Each adjacent pair of
arms 64, 66 is separated by a gap so that the Faraday shield 60
does not form a continuous ground plane or sheet. The Fara-
day shield 60 reduces capacitive coupling between the on-
chip inductor 20 and the substrate 24, which operates to
enhance the Q-factor of the on-chip inductor 20. The Faraday
shield 60 also isolates the signal lines 50, 52 from the rest of
the active devices 22a, 225 in the integrated circuit on sub-
strate 24. Because of the presence of the Faraday shield 60,
design constraints on the on-chip capacitor 16 can be relaxed
as the on-chip capacitor 16 is not required to function as a
Faraday shield.

[0050] The Faraday shield 60 is formed by the same or
similar BEOL process techniques used to fabricate the on-
chip capacitor 16 and the on-chip inductor 20, as well as other
conductive features in the metallization levels, and from the
same or similar BEOL metallurgies. The dielectric material
constituting the dielectric layer 62 is similar in composition
and properties to dielectric layers 12, 14, 18, 19. The conduc-
tor contained in the arms 64, 66 and central line 68 of the
Faraday shield 60 is similar in composition and properties to
the candidate conductive materials used to construct the on-
chip capacitor 16 and on-chip inductor 20. The Faraday shield
60 is positioned laterally in the metallization level such that
the Faraday shield 60 has the substantially vertical alignment
with the on-chip capacitor 16 and the on-chip inductor 20.
[0051] With reference to FIGS. 4 and 4A in which like
reference numerals refer to like features in FIG. 3, 3A and in
accordance with an alternative embodiment, the stacked
arrangement of the on-chip capacitor 16, on-chip inductor 20
and Faraday shield 60 of the BEOL wiring structure 10 may
be modified such that the Faraday shield 60 is disposed ver-
tically between the on-chip capacitor 16 and the substrate 24.
Specifically, the Faraday shield 60 is disposed in a metalliza-
tion level of the BEOL wiring structure 10 between the met-
allization level (M, _,) containing the on-chip capacitor 16
and the substrate 24. For example, the involved metallization
levels (M,) and (M, _,) may be the M2 and M3 levels for the
on-chip capacitor 16, the M1 level for the Faraday shield 60,
and the M5 and M6 levels for the on-chip inductor 20. In this
embodiment, the on-chip capacitor 16 still operates as a Fara-
day shield for the on-chip inductor 20. The Faraday shield 60
is positioned laterally in the metallization level such that the
Faraday shield 60 has the substantially vertical alignment
with the on-chip capacitor 16 and the on-chip inductor 20.
[0052] With reference to FIG. 5 in which like reference
numerals refer to like features in FIG. 2 and in accordance
with an alternative embodiment, the on-chip capacitor 16
may be modified such that the capacitance is no longer fixed,
but instead has a passive device structure that is tunable to
various different capacitance values. Specifically, the on-chip
capacitor 16 may be modified to incorporate an array of
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electrodes 70, 72 located at one peripheral edge of the elec-
trodes 30, 32, 38, 40 and an array of electrodes 74, 76 posi-
tioned at an opposite peripheral edge of the electrodes 30, 32,
38, 40. Electrodes 70 and 74 are contained within the dielec-
tric layer 12 of metallization level (M, ), and electrodes 72 and
76 are contained within the dielectric layer 14 of metalliza-
tion level (M,_,). The tabs 26, 28, 34, 36 are extended in
length, in comparison with the embodiment of FIG. 2, so that
electrodes 70 and electrodes 74 are disposed between con-
ductive tabs 26, 28, and electrodes 72 and electrodes 76 are
disposed between conductive tabs 34, 36.

[0053] Each stacked pair of electrodes 70 and 74 are elec-
trically connected by vertically-extending vias 78. Fach
stacked pair of electrodes 72 and 76 are electrically connected
by vertically-extending vias 80. However, the electrodes 70,
72,74, 76 are not electrically connected in a direct contact
manner with the tabs 26, 28, 34, 36. Instead, switching
devices in the representative form of transistors 82, 84, 86, 88,
which are provided among the active devices 22a, 225 on the
substrate 24, are used to selectively connect the electrodes 70,
72,74, 76 in electrical continuity with the tabs 26, 28, 34, 36.
The transistors 82, 84, 86, 88 are formed by conventional
FEOL processes and with conventional device constructions
that are understood by a person having ordinary skill in the
art.

[0054] The transistors 82, 84, 86, 88 control whether a
particular via-connected pair of the electrodes 70, 74 or a
particular via-connected pair of the electrodes 72, 76 is con-
nected to the on-chip capacitor 16 and whether its capacitance
contributes to the total capacitance. Specifically, transistors
82 and 84 are concurrently switched by a control voltage or
bit 89 to selectively connect one via-connected pair of elec-
trodes 70, 72 with port 25 and one via-connected pair of
electrodes 74, 76 with port 35. Similarly, transistors 86 and 88
are concurrently switched by a control voltage or bit 91 to
selectively connect a different via-connected pair of elec-
trodes 70, 72 with port 25 and a different via-connected pair
of electrodes 74, 76 with port 35. Of course, the control bits
89, 91 can be simultaneously selected so that both pairs of
electrodes 70, 72 and both pairs of electrodes 74, 76 are
connected with the on-chip capacitor 16 to increase the
capacitance. Additional electrodes (not shown) like elec-
trodes 70, 72, 74, 76 and additional transistors (not shown)
like transistors 82, 84, 86, 88 can be added to the device
structure to increase the range of tunability of the capacitance
of the on-chip capacitor 16.

[0055] Arranging the electrodes 70, 72, 74, 76 in a sym-
metrical matrix juxtaposed along the opposite peripheral
edges of the electrodes 70, 72, 74, 76 of the on-chip capacitor
16 and switching the electrodes 70, 72, 74, 76 in symmetrical
pairs about the mid-plane of the on-chip capacitor 16 eases
the prediction of the total capacitance and parasitic capaci-
tance for the on-chip capacitor 16. However, this embodiment
is not so limited as the asymmetrical arrangement of control
lines connecting the transistors 82, 84, 86, 88 with the elec-
trodes 70, 72, 74, 76. Each of the via-connected pairs of
electrodes 70, 72 and the via-connected pairs of electrodes
74, 76 adds approximately the same nominal discrete incre-
ment to the total capacitance of the on-chip capacitor 16. As
a result, the on-chip capacitor 16 with the variable tuning
capability introduced by the addition of the electrodes 70, 72,
74,76 can be used to adjust the resonance frequency output by
an LC resonator commonly found in an RFIC.
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[0056] FIG. 6 shows a block diagram of an exemplary
design flow 100 used for example, in semiconductor IC logic
design, simulation, test, layout, and manufacture. Design
flow 100 includes processes and mechanisms for processing
design structures or devices to generate logically or otherwise
functionally equivalent representations of the design struc-
tures and/or devices described above and shown in FIGS. 1-5.
The design structures processed and/or generated by design
flow 100 may be encoded on machine-readable transmission
or storage media to include data and/or instructions that when
executed or otherwise processed on a data processing system
generate a logically, structurally, mechanically, or otherwise
functionally equivalent representation of hardware compo-
nents, circuits, devices, or systems. Design flow 100 may vary
depending on the type of representation being designed. For
example, a design flow 100 for building an application spe-
cific IC (ASIC) may differ from a design flow 100 for design-
ing a standard component or from a design flow 100 for
instantiating the design into a programmable array, for
example a programmable gate array (PGA) or a field pro-
grammable gate array (FPGA) offered by Altera® Inc. or
Xilinx® Inc.

[0057] FIG. 6 illustrates multiple such design structures
including an input design structure 102 that is preferably
processed by a design process 104. Design structure 102 may
be a logical simulation design structure generated and pro-
cessed by design process 104 to produce a logically equiva-
lent functional representation of a hardware device. Design
structure 102 may also or alternatively comprise data and/or
program instructions that when processed by design process
104, generate a functional representation of the physical
structure of a hardware device. Whether representing func-
tional and/or structural design features, design structure 102
may be generated using electronic computer-aided design
(ECAD) such as implemented by a core developer/designer.
When encoded on a machine-readable data transmission, gate
array, or storage medium, design structure 102 may be
accessed and processed by one or more hardware and/or
software modules within design process 104 to simulate or
otherwise functionally represent an electronic component,
circuit, electronic or logic module, apparatus, device, or sys-
tem such as those shown in FIGS. 1-5. As such, design struc-
ture 102 may comprise files or other data structures including
human and/or machine-readable source code, compiled
structures, and computer-executable code structures that
when processed by a design or simulation data processing
system, functionally simulate or otherwise represent circuits
or other levels of hardware logic design. Such data structures
may include hardware-description language (HDL) design
entities or other data structures conforming to and/or compat-
ible with lower-level HDL design languages such as Verilog
and VHDL, and/or higher-level design languages such as C or
C++.

[0058] Design process 104 preferably employs and incor-
porates hardware and/or software modules for synthesizing,
translating, or otherwise processing a design/simulation
functional equivalent of the components, circuits, devices, or
logic structures shown in FIGS. 1-5 to generate a netlist 106
which may contain design structures such as design structure
102. Netlist 106 may comprise, for example, compiled or
otherwise processed data structures representing a list of
wires, discrete components, logic gates, control circuits, I/O
devices, models, etc. that describes the connections to other
elements and circuits in an integrated circuit design. Netlist
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106 may be synthesized using an iterative process in which
netlist 106 is resynthesized one or more times depending on
design specifications and parameters for the device. As with
other design structure types described herein, netlist 106 may
be recorded on a machine-readable data storage medium or
programmed into a programmable gate array. The medium
may be a non-volatile storage medium such as a magnetic or
optical disk drive, a programmable gate array, a compact
flash, or other flash memory. Additionally, or in the alterna-
tive, the medium may be a system or cache memory, buffer
space, or electrically or optically conductive devices and
materials on which data packets may be transmitted and inter-
mediately stored via the Internet, or other networking suitable
means.

[0059] Design process 104 may include hardware and soft-
ware modules for processing a variety of input data structure
types including netlist 106. Such data structure types may
reside, for example, within library elements 108 and include
a set of commonly used elements, circuits, and devices,
including models, layouts, and symbolic representations, for
a given manufacturing technology (e.g., different technology
nodes, 32 nm, 45 nm, 90 nm, etc.). The data structure types
may further include design specifications 110, characteriza-
tion data 112, verification data 114, design rules 116, and test
data files 118 which may include input test patterns, output
testresults, and other testing information. Design process 104
may further include, for example, standard mechanical
design processes such as stress analysis, thermal analysis,
mechanical event simulation, process simulation for opera-
tions such as casting, molding, and die press forming, etc.
One of ordinary skill in the art of mechanical design can
appreciate the extent of possible mechanical design tools and
applications used in design process 104 without deviating
from the scope and spirit of the invention. Design process 104
may also include modules for performing standard circuit
design processes such as timing analysis, verification, design
rule checking, place and route operations, etc.

[0060] Design process 104 employs and incorporates logic
and physical design tools such as HDL compilers and simu-
lation model build tools to process design structure 102
together with some or all of the depicted supporting data
structures along with any additional mechanical design or
data (if applicable), to generate a second design structure 120.
Design structure 120 resides on a storage medium or pro-
grammable gate array in a data format used for the exchange
of data of mechanical devices and structures (e.g., informa-
tion stored in a IGES, DXF, Parasolid XT, JT, DRG, or any
other suitable format for storing or rendering such mechani-
cal design structures). Similar to design structure 102, design
structure 120 preferably comprises one or more files, data
structures, or other computer-encoded data or instructions
that reside on transmission or data storage media and that
when processed by an ECAD system generate a logically or
otherwise functionally equivalent form of one or more of the
embodiments of the invention shown in FIGS. 1-5. In one
embodiment, design structure 120 may comprise a compiled,
executable HDL simulation model that functionally simu-
lates the devices shown in FIGS. 1-5.

[0061] Design structure 120 may also employ a data format
used for the exchange of layout data of integrated circuits
and/or symbolic data format (e.g. information stored in a
GDSII (GDS2), GL1, OASIS, map files, or any other suitable
format for storing such design data structures). Design struc-
ture 120 may comprise information such as, for example,
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symbolic data, map files, test data files, design content files,
manufacturing data, layout parameters, wires, levels of metal,
vias, shapes, data for routing through the manufacturing line,
and any other data required by a manufacturer or other
designer/developer to produce a device or structure as
described above and shown in FIGS. 1-5. Design structure
120 may then proceed to a stage 122 where, for example,
design structure 120: proceeds to tape-out, is released to
manufacturing, is released to a mask house, is sent to another
design house, is sent back to the customer, etc.

[0062] References herein to terms such as “vertical”, “hori-
zontal”, etc. are made by way of example, and not by way of
limitation, to establish a frame of reference. The term “hori-
zontal” as used herein is defined as a plane parallel to a
conventional plane of a semiconductor substrate, regardless
of its actual three-dimensional spatial orientation. The term
“vertical” refers to a direction perpendicular to the horizontal,
as justdefined. Terms, such as “on”, “above”, “below”, “side”
(as in “sidewall”), “upper”, “lower”, “over”, “beneath”, and
“under”, are defined with respect to the horizontal plane. It is
understood that various other frames of reference may be
employed for describing the invention without departing
from the spirit and scope of the invention. It is also understood
that features of the invention are not necessarily shown to
scale in the drawings. Furthermore, to the extent that the
terms “includes”, “having”, “has”, “with”, or variants thereof
are used in either the detailed description or the claims, such
terms are intended to be inclusive in a manner similar to the
term “comprising.”

[0063] It will be understood that when an element as a layer,
region or substrate is described as being “on” or “over”
another element, it can be directly on or over the other ele-
ment or intervening elements may also be present. In contrast,
when an element is described as being “directly on” or
“directly over” another element, there are no intervening
elements present. It will also be understood that when an
element is described as being “connected” or “coupled” to
another element, it can be directly connected or coupled to the
other element or intervening elements may be present. In
contrast, when an element is described as being “directly
connected” or “directly coupled” to another element, there
are no intervening elements present.

[0064] As used herein, the terms “vertical alignment” and
“vertically aligned” do not require precise vertical alignment
of all edges of vertically aligned objects as some spatial
offsets and tolerances are allowed. Objects contained in the
BEOL wiring structure 10 can be slightly offset, when viewed
from a vertical perspective normal to the top surface 23 of the
substrate 24, and retain the substantially vertical alignment.
However, at least partial overlap is maintained.

[0065] The fabrication of the semiconductor structure
herein has been described by a specific order of fabrication
stages and steps. However, it is understood that the order may
differ from that described. For example, the order of two or
more fabrication steps may be swapped relative to the order
shown. Moreover, two or more fabrication steps may be con-
ducted either concurrently or with partial concurrence. In
addition, various fabrication steps may be omitted and other
fabrication steps may be added. It is understood that all such
variations are within the scope of the present invention. It is
also understood that features of the present invention are not
necessarily shown to scale in the drawings.

[0066] While the invention has been illustrated by a
description of various embodiments and while these embodi-
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ments have been described in considerable detail, it is not the
intention of the applicants to restrict or in any way limit the
scope of the appended claims to such detail. Additional
advantages and modifications will readily appear to those
skilled in the art. Thus, the invention in its broader aspects is
therefore not limited to the specific details, representative
apparatus and method, and illustrative example shown and
described. Accordingly, departures may be made from such
details without departing from the spirit or scope of appli-
cants’ general inventive concept.

What is claimed is:

1. A back-end-of-line (BEOL) wiring structure fabricated
on a substrate carrying an integrated circuit, the BEOL wiring
structure comprising:

at least one first metallization level including a plurality of
first conductive features;

at least one second metallization level including a plurality
of second conductive features, the at least one second
metallization level disposed vertically between the at
least one first metallization level and the substrate;

an on-chip inductor included in the first conductive fea-
tures of the at least one first metallization level; and

an on-chip capacitor included in the second conductive
features of the at least one second metallization level, the
on-chip capacitor positioned laterally within the at least
one second metallization level such that the on-chip
capacitor is in a substantially vertical alignment with the
on-chip inductor in the at least one first metallization
level.

2. The BEOL wiring structure of claim 1 wherein the first
and second conductive features electrically connect the on-
chip inductor with the on-chip capacitor.

3. The BEOL wiring structure of claim 2 wherein the
second conductive features of the on-chip capacitor includes
first and second ports, a plurality of first electrodes directly
connected to the first port, and a plurality of second electrodes
directly connected to the second port, the first electrodes
interleaved with the second electrodes to define an alternative
parallel arrangement, and further comprising:

a floating electrode included among the second conductive
features in the at least one first metallization level, the
floating electrode electrically isolated from the first and
second ports and electrically isolated from the first and
second electrodes.

4. The BEOL wiring structure of claim 3 further compris-

ing:

a switching device configured to connect the floating elec-
trode indirectly with either the first port or the second
port.

5. The BEOL wiring structure of claim 1 wherein the at
least one first metallization level and the at least one second
metallization level are each formed by a damascene process.

6. The BEOL wiring structure of claim 1 further compris-
ing:

a third metallization level between the at least one second

metallization level and the substrate; and

a Faraday shield positioned laterally in the third metalliza-
tion level such that the Faraday shield has the substan-
tially vertical alignment with the on-chip inductor and
the on-chip capacitor.

7. The BEOL wiring structure of claim 1 further compris-

ing:
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a third metallization level between the at least one first
metallization level and the at least one second metalli-
zation level; and

a Faraday shield positioned laterally in the third metalliza-
tion level such that the Faraday shield has the substan-
tially vertical alignment with the on-chip inductor and
the on-chip capacitor.

8. The BEOL wiring structure of claim 1 wherein the
second conductive features of the on-chip capacitor are con-
figured to operate as a Faraday shield for the on-chip inductor,
and further comprising:

a third metallization level between the at least one first
metallization level and the substrate, the third metalli-
zation layer being free of a Faraday shield positioned
laterally within the third metallization level in the sub-
stantially vertical alignment with the on-chip inductor
and the on-chip-inductor.

9. The BEOL wiring structure of claim 1 further compris-

ing:

a floating conductive feature disposed in the at least one
first metallization level, the floating conductive feature
electrically isolated from the on-chip capacitor; and

a switching device configured to connect the floating con-
ductive feature indirectly with the on-chip capacitor.

10. The BEOL wiring structure of claim 1 wherein the first
and second conductive features are connected with one or
more active devices of the integrated circuit.

11. The BEOL wiring structure of claim 1 wherein the at
least one first metallization level includes stacked first and
second dielectric layers, and the first conductive features of
the on-chip inductor are a plurality of signal lines, a first
portion of the signal lines are included in the first dielectric
layer, and a second portion of the signal lines are included in
the second dielectric layer, and further comprising:

a plurality of vias that connect the signal lines in the first
dielectric layer with the signal lines in the second dielec-
tric layer.

12. The BEOL wiring structure of claim 1 wherein the at
least one second metallization level includes stacked first and
second dielectric layers, and the second conductive features
of the on-chip capacitor are a plurality of electrodes, a first
portion of the electrodes are included in the first dielectric
layer, and a second portion of the electrodes are included in
the second dielectric layer, and further comprising:

a plurality of vias that connect the electrodes in the first
dielectric layer with the signal lines in the second dielec-
tric layer.

13. The BEOL wiring structure of claim 1 wherein the
integrated circuit is a radiofrequency integrated circuit
(RFIC).

14. A back-end-of-line (BEOL) wiring structure fabricated
on asubstrate carrying an integrated circuit, the BEOL wiring
structure comprising:

at least one first metallization level;

at least one second metallization level vertically between
the at least one first metallization level and the substrate;

an on-chip inductor including a plurality of signal lines
included in the at least one first metallization level;

an on-chip capacitor including a plurality of electrodes
included in the at least one second metallization level,

a plurality of conductive features in the at least one first
metallization level and the at least one second metalli-
zation level, the plurality of conductive features con-
necting the signal lines of the on-chip inductor with the
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electrodes of the on-chip capacitor to define an LC reso-
nator having a resonance frequencys;

at least one floating electrode included in the at least one
second metallization level that is electrically isolated
from the electrodes of the on-chip capacitor; and

a switching device configured to connect the at least one
floating electrode indirectly with the electrodes of the
on-chip capacitor to permit tuning of the resonance fre-
quency of the LC resonator during operation of the inte-
grated circuit.

15. The BEOL wiring structure of claim 14 wherein the
on-chip capacitor is positioned laterally within the at least one
second metallization level such that the on-chip capacitor is in
a substantially vertical alignment with the on-chip inductor in
the at least one first metallization level.

16. The BEOL wiring structure of claim 15 further com-
prising:

a third metallization between the at least one first metalli-
zation level and the at least one second metallization
level; and

a Faraday shield positioned laterally within the third met-
allization level such that the Faraday shield has the sub-
stantially vertical alignment with the on-chip inductor
and the on-chip capacitor.

17. The BEOL wiring structure of claim 15 further com-

prising:

a third metallization between the substrate and the at least
one second metallization level; and

a Faraday shield positioned laterally within the third met-
allization level such that the Faraday shield has the sub-
stantially vertical alignment with the on-chip inductor
and the on-chip capacitor.

18. The BEOL wiring structure of claim 15 wherein the
second conductive features of the on-chip capacitor are con-
figured to operate as a Faraday shield for the on-chip inductor,
and further comprising:

a third metallization level between the at least one first

metallization level and the substrate, the third metalli-
zation layer being free of a Faraday shield positioned
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laterally within the third metallization level in the sub-
stantially vertical alignment with the on-chip inductor
and the on-chip-inductor.

19. The BEOL wiring structure of claim 14 wherein the
integrated circuit is a radiofrequency integrated circuit
(RFIC).

20. The BEOL wiring structure of claim 14 wherein the at
least one first metallization level and the at least one second
metallization level are each formed by a damascene process.

21. The BEOL wiring structure of claim 14 wherein the
switching device is one or more field effect transistors of the
integrated circuit carried on the substrate.

22. A design structure embodied in a machine readable
medium for designing, manufacturing, or testing an inte-
grated circuit, the design structure comprising:

at least one first metallization level including a plurality of

first conductive features;

at least one second metallization level including a plurality

of second conductive features, the at least one second
metallization level disposed vertically between the at
least one first metallization level and a substrate;

an on-chip inductor included in the first conductive fea-

tures of the at least one first metallization level; and

an on-chip capacitor included in the second conductive

features ofthe at least one second metallization level, the
on-chip capacitor positioned laterally within the at least
one second metallization level such that the on-chip
capacitor is in a substantially vertical alignment with the
on-chip inductor in the at least one first metallization
level.

23. The design structure of claim 22 wherein the design
structure comprises a netlist.

24. The design structure of claim 22 wherein the design
structure resides on storage medium as a data format used for
the exchange of layout data of integrated circuits.

25. The design structure of claim 22 wherein the design
structure resides in a programmable gate array.
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