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MATERIAL TECHNICAL FIELD The present invention relates generally to
integrated circuits and more particularly to 5 on-chip silicon-based
inductors. BACKGROUND OF THE INVENTION Increasing demands for personal
mobile communications equipment have motivated recent research activities
to focus on the development of inexpensive, small size, low power
consumption, and low noise level systems. To satisfy these requirements,
one of the most 10  important and indispensable circuit components is the
on-chip silicon-based inductor. As a result, miniaturization of the
inductor on silicon has become a current key research area and extensive
work has been done in this area. However, despite efforts by many
researchers having skill in the art, achieving high performance on-chip
inductors, i.e., high qualify factor (Q), still remains a major problem
especially when radio frequency 15 integrated circuits (RFICs) are built on
silicon. Conventional inductors built on silicon are generally planar in
nature. The current complementary metal oxide semiconductor (CMOS) process
uses a very conductive substrate. Spiral inductors fabricated on such a
lossy substrate suffer from high capacitive and magnetic losses. 20 In
addition, high dynamic resistance of metal lines at GHz frequency ranges
further degrades the inductor performance in CMOS technology as compared to
those fabricated in monolithic microwave integrated circuits (MMICs). Many
fabricating techniques, processes, and materials have been proposed to
improve the performance of on-chip inductors. Tedious processing techniques
such as etching away 25 the silicon substrate under the inductor have been
introduced to remove the substrate parasitic effects completely. Despite
achieving good results, industries are reluctant to adopt such a technique
because of reliability issues such as packaging yield, as well as long-term
mechanical stability.   Another approach to minimize the substrate loss for
silicon-based inductors has been to increase the substrate resistivity.
This technique has yielded significant results, however, the substrate
becomes unsuitable for building active MOS devices. The most critical
factor hindering the performance of silicon-based inductors is the 5 high
resistive aluminum-copper (AICu) interconnects used in silicon processes.
In comparison, thicker and less resistive gold (Au) metalization together
with lossless substrate in gallium arsenide (GaAs) technology permits high
performance inductors to be fabricated easily. To overcome high
metalization resistance, a popular technique is to have the layers of metal
stacked together, thereby achieving a high Q inductor. 1o Another possible
alternative is to use an active inductor. In an active inductor high Q
factor and inductance can be achieved in a really small silicon area.
However, such approach suffers from high power consumption and high noise
levels that are not acceptable for low power and high frequency
applications. In addition, performance of active inductors are very
sensitive and dependent upon the inductor's biasing circuitry, making it
time consuming and 



15 tedious to design. As a result of the above, the simplest and most
commonly used on-chip inductors are planar silicon-based spiral inductors,
which require careful layout optimization techniques to improve
performance. In the conventional spiral inductor design, the inductor is
planar and fabricated on a 2o conductive silicon substrate. To improve the
Q factor of the spiral inductors, the top metal is usually stacked with a
few layers of lower metal through vias to minimize the overall metal series
resistance. Nevertheless, when more layers are used to realize a very thick
conductor, the whole spiral is brought closer to the substrate. This
increases the spiral-to-substrate parasitic capacitance and hence results
in a degradation of Q factor as well as the inductor's 25 self resonant
frequency. It has been observed that the Q factor of a 4-layer stacked
inductor decreases at a much faster rate compared to 1- to 3-layer stacked
inductors. Because of this, it becomes extremely difficult to design high
performance inductors with large inductance values since such a phenomenon
is more pronounced when the inductors occupy large areas. Magnetic losses
occur when inductors are built on conductive substrates. According 3o to
Faraday's law, an image current or eddy current is induced in the substrate
underneath the spiral inductor. Since a silicon substrate has low
resistivity, this image current can flow easily. In compliance with Lenz's
law, the direction of flow for this induced current is 2   opposite to that
of the inductor current. This characteristic results in a degradation of
the inductor's overall useful inductance. To reduce these magnetic losses
due to the formation of the eddy currents, varying width inductors have
been proposed. The basic working principal is to minimize undesirable 5
magnetic flux created by the induced substrate eddy current, especially at
the inductor's core. This can be easily accomplished by reducing current
density of the inductor's inner turns. Meanwhile, when current density of
the inner turns is reduced, induced substrate current at the center of the
inductor will also have a lower current density. As a result, at the
inductor's core, parasitic magnetic flux generated in the substrate is much
weaker and this helps 10 increase the inductance and the Q factor of spiral
inductors. However, it has been observed that the Q factor degrades
drastically at higher frequencies when compared with fixed-width spiral
inductors. This suggests that for a large inductor to achieve a difference
in current density between the inner and outer turns, the overall inductor
area must be enormous. Its Q factor is expected to fall even before 2.45
GHz 15 and would, of course, render this technique completely useless.
Solutions to these problems have been long sought, but have long eluded
those skilled in the art. DISCLOSURE OF THE INVENTION The present invention
provides a 3-D spiral stacked inductor having a substrate with a 2o
plurality of turns in a plurality of levels wherein the number of levels
increases from an inner turn to the outer turns of the inductor. First and
second connecting portions are respectively connected to an inner turn and
an outermost turn, and a dielectric material contains the first and second
connecting portions and the plurality of turns over the substrate. This
will reduce current in the inner turn and lower current density in the
outer turns to improve inductance 25 and Q factor beyond 2.5 GHz. The
present invention further provides a 3-D spiral stacked inductor where
neither additional processing steps nor additional masks are required. The
present invention further provides a 3-D spiral stacked inductor having a
greatly reduced average parasitic capacitance as compared to a conventional
stacked inductor for the 30 same number of metal layers. The present
invention further provides a 3-D spiral stacked inductor wherein the 



difference in current density for every turn is much larger compared to the
varying width 3   inductor. This difference is achieved without consuming
extra silicon. This optimized 3-D stacked design can be implemented for
inductors of small as well as large inductance values. The present
invention further provides a circular type as well as copper inductors
along with varying widths. 5 The above and additional advantages of the
present invention will become apparent to those skilled in the art from a
reading of the following detailed description when taken in conjunction
with the accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1
(PRIOR ART) is a cross-sectional view of a prior art on-chip inductor along
to line 1--1 of FIG. 2 (PRIOR ART); FIG. 2 (PRIOR ART) is a cross-sectional
view of the prior art on-chip inductor along line 2--2 of FIG. I (PRIOR
ART); FIG. 3 is shown a cross-sectional view of a 3-D spiral stacked
inductor of the present invention along line 3--3 of FIG. 4; and is FIG. 4
is shown a cross-sectional view of the 3-D spiral stacked inductor of the
present invention along line 4--4 of FIG. 3. BEST MODE FOR CARRYING OUT THE
INVENTION Referring now to FIG. I (PRIOR ART), therein is shown a
cross-sectional view of a prior art on-chip inductor 10 along line 1--1 of
FIG. 2 (PRIOR ART). A substrate 12, of a 20 material such as silicon, has a
plurality of dielectric layers formed thereon of a material such as silicon
dioxide. Sequentially, a field dielectric layer 14 (such as a field oxide),
a connecting interlayer dielectric (ILD) layer 16 (such as a silicon
oxide), a first level ILD layer 18, and a second level ILD layer 20 are
formed over the substrate 12. Embedded within the dielectric layers is a
spiral stacked inductor 22. 25 The term "over" as used in herein is defined
vertically above a horizontal plane parallel to the conventional surface of
a wafer on which the on-chip inductor is formed regardless of the
orientation of the wafer. Terms, such as "on", "below", "higher", "lower",
"above", and "under", are defined with respect to the horizontal plane. 4
The term "processed" or "forming" as used herein to refer to the formation
of vias and turns includes conventional semiconductor deposition of
photoresist, hard and soft mask photolithography, etch, and strip, as
appropriate. In the described embodiment, the spiral stacked inductor 22 is
a two-turn stacked 5 inductor. In FIG. 1 (PRIOR ART), are shown first and
second turns 24 and 26. A first connecting portion 30 having connecting
vias 32 connects to the spiral stacked inductor 22 at one end and a second
connecting portion 34 connects at the other end. The first turn 24 has an
inner diameter 36, a width 38 which is common to each of the turns, and a
spacing 40 between each of the turns. The first connecting portion 30
passes to under the two turns and thus is also referred to as an underpass
30. Referring now to FIG. 2 (PRIOR ART), therein is shown a cross-sectional
view of the prior art on-chip inductor 10 along line 2--2 of FIG. 1 (PRIOR
ART). The substrate 12 has the field dielectric layer 14 upon which a
conductive material is deposited and patterned to form the underpass 30. 15
The connecting ILD layer 16 is then deposited over the underpass 30. One or
more first via openings are formed in the connecting ILD layer 16 connected
to the underpass 30. A conductive material layer is deposited on the
connecting ILD layer 16 and processed to form a first level of the spiral
stacked inductor 22. When processed, first and second turns 24' and 26' of
a first level 50' will be formed. The first via openings are also 2o filled
with conductive material to form the connecting vias 32. The first level
ILD layer 18 is then deposited over the first level 50'. One or more second
via openings formed in the first level ILD layer 18 connected to the first
and second turns 24' and 26' along their lengths. A conductive material is
deposited on the first level ILD layer 18 and processed to 25 form the
first and second turns 24 and 26 of a second level 50'. The first and
second turns 24 and 26 are respectively connected to the first and second
turn vias 24v and 26v along their lengths by the conductive material
filling the respective vias openings to form first and second turn vias 24v
and 26v. The second level ILD layer 20 is then deposited over the second
level 50'. 3o As will be understood by those skilled in the art, as a
spiral stacked inductor has more turns, it will still have the same number
of turns in each level and the turns will all be connected along their
length by pluralities of vias. 5   During operation, the passage of current
(direction indicated by double circles as being an arrow head and the x in
a circle being the tail) through the spiral stacked inductor 22 causes the
creation of magnetic fields 52 which induce magnetic fields 54 in the
substrate 12. According to Faraday's law, an eddy current 56 is induced in
the low resistivity substrate 12, 5 which flows in a direction that is
opposite to the flow in the spiral stacked inductor 22. This causes a
magnetic loss that results in the degradation of the overall useful
inductance of the spiral stacked inductor 22. 



Referring now to FIG. 3, therein is shown a cross-sectional view of a 3-D
spiral stacked inductor chip 100 of the present invention along line 3--3
of FIG. 4. A substrate 112, 10 of a material such as silicon, has a
plurality of dielectric layers formed thereon of a material such as silicon
dioxide. Sequentially, a field dielectric layer 114 (such as a field
oxide), a connecting interlayer dielectric (ILD) layer 116 (such as a
silicon oxide), a first level ILD layer 118, a second level ILD layer 120,
and a third level ILD layer l21 are formed over the substrate 112. Embedded
within the dielectric layers is a 3-D spiral stacked inductor 122. 15 The
3-D spiral stacked inductor l22 is shown as being square spiral but it may
also be circular spiral. Similarly, the 3-D spiral stacked inductor 122 can
be a spiral, which is either clockwise or counter clockwise as viewed from
above. In the described embodiment, the 3-D spiral stacked inductor l22 is
a 3-D three-turn inductor. In FIG. 3, is shown first, second, and third
turns I24, 126, and 128. Individually, 2o the turns can be flat as shown or
circular, and can be made from any conductive material including copper. A
first connecting portion l30 having connecting vias 132 connects to the 3-D
spiral stacked inductor 122 at one end and a second connecting portion l34
connects at the other end to the third turn l28. 25 The first turn 126 has
an inner diameter 136, a width 138 which is common to each of the turns,
and a spacing 140 between each of the turns. The first connecting portion
l30 passes under the three turns and thus is also referred to as an
underpass 130. Referring now to FIG. 4, therein is shown a cross-sectional
view of the 3-D spiral stacked inductor 100 of the present invention along
line 4--4 of FIG. 3. The substrate 112 has 30 the field dielectric 114 upon
which a conductive material is deposited and patterned to form the
underpass 130. 6   The connecting ILD layer 116 is then deposited over the
underpass l30. One or more first via openings are formed in the connecting
ILD layer 116 connected to the under pass 130. A conductive material layer
is deposited on the connecting ILD layer 116 and 5 processed to form a
first level of the spiral stacked inductor 122. When processed, a third
turn l28' of a first level 150' will be formed and a first connecting
contact l30' is formed at the first level 150'. The first via openings are
filled with conductive material to form the connecting vias 132. The first
level ILD layer 118 is then deposited over the first level 150'. One or
more l0 second via openings are formed in the first level ILD layer 118
connected to the third turn 128' and the first connecting contact 130'. The
second via openings extend substantially along the entire length of the
third turn 128'. A conductive material is deposited on the first level ILD
layer 118 and processed to form second and third turns l26" and 128" and a
second connecting contact 130" of a second 15 level 150". The third turn
128" is connected to the third turn 128' along its length by the conductive
material filling the second via openings to form first level third turn
vial 128v1. The second connecting contact 130" is connected to the first
connecting contact l30' by conductive material filling the second via
openings to form first connecting vias 132v1. The second level ILD layer
120 is then deposited over the second level l50". One or 2o more third via
openings are formed in the second ILD layer l20 connected to the second and
third turns 126" and 128", and the second connecting contact 130". The
third via openings extend substantially along the entire length of the
second and third turns 126" and 128". A conductive material is deposited on
the second level ILD layer 120 and processed to form first, second, and
third turns l24, 126, and I28 of a third level 150"'. The first, second, 25
and third turns l24, 126, and l28 are respectively connected to the second
connecting contact l30" by conductive material filling the third via
openings to form second connecting vias 132v2, and the second level second
and third turns 126" and 128" by conductive material filling the third via
openings to form second level second and third turn vias 126v2 and 128v2.
30 The third level ILD layer 121 is then deposited over the third level
150"'. As will be understood by those skilled in the art, as the spiral
stacked inductor 22 has more turns, it will still have the same number of
turns in each level and the turns will all be connected by pluralities of
vias. On the other hand, as the 3-D spiral stacked inductor 122 7   has
more turns, it has more levels with a fewer number of turns per level and,
although the turns will all be connected by pluralities of vias, a lower
number of toms at the lowest levels. For example, a 3-D two turn inductor
has two levels having one turn in a first level and two turns in a second
level; a 3-D three turn inductor is shown; a 3-D four turn inductor has
four 5 levels with one turn in a first level, two turns in a second level,
three turns in a third level, 



and four turns in a fourth level; etc. The above means that the induced
magnetic fields of the prior art are negligible. As will be understood by
those skilled in the art, since the turns closest to the substrate have the
greatest effect on magnetic loss, higher levels may have more or less turns
10 per level without substantially increasing the magnetic loss while the
lowest level is optimized by having the underpass and/or a single tom. Also
as will be understood by those skilled in the art, 3-D spiral stacked
inductors could be made in the same fashion as shown with various
configurations (such as circular), diameters, widths, and spacings.
Similarly, different metals can be used for the inductors 15 including
aluminum and copper. While the invention has been described in conjunction
with a specific best mode, it is to be understood that many alternatives,
modifications, and variations will be apparent to those skilled in the art
in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall
within the spirit and 20 scope of the included claims. A11 matters
hither-to-fore set forth or shown in the accompanying drawings are to be
interpreted in an illustrative and non-limiting sense. 8   THE INVENTION
CLAIMED IS: 1. A method of manufacturing a 3-D spiral stacked inductor
comprising: providing a substrate [l12]; forming a first conductive
material layer over the substrate [112J; 5 processing the first conductive
material layer to form a first level first turn [150'-l28]; forming a first
dielectric layer [1l8] over the substrate [1l2] and the first level first
turn [150'-128] ; forming a first turn first via opening in the first
dielectric layer [118] connected to the first level first turn [150'-128] ;
1o forming a second conductive material layer over the first dielectric
layer [118] and in the first turn first via opening; processing the second
conductive material layer to form a second level second turn (150"-l26] and
a second level first turn [150"-l28] connected to the first level first
turn [150'-128] ; and 15 forming a second dielectric layer [120] over the
first dielectric layer [118], the second level second turn [150"-126], and
the second level first turn [150"-l28]. 2. The method as claimed in claim 1
including: forming a first turn second via opening and a second turn second
via opening in the second dielectric layer [ 120] respectively connected to
the second level first z0 turn [150"-l28] and second level second turn
[150"-126]; forming a third conductive material layer over the second
dielectric layer [l20] and in the first turn second via opening and a
second turn second via opening; processing the third conductive material
layer to form a third level third turn [150"' 



124], a third level second turn [150"'-l26] connected to the second level
25 second turn [150"-l26], a third level first turn [150"'-128] connected
to the second level first turn [150"-l28]; and forming a third dielectric
layer [121] over the second dielectric layer [l20], the third level third
turn [l50"'-124], the third level second turn [150"'-126], and the third
level first turn [150"'-128]. 30 3. The method as claimed in claim 2
including: forming a first turn third via opening, a second turn third via
opening, and a third turn third via opening in the third dielectric layer [
121 ] respectively connected to 9   the third level first turn [150"'-128],
the third level second turn [150"'-l26], and the third level third turn
[150"'-124]; forming a fourth conductive material layer over the third
dielectric layer [121] and in the first turn [24] third via opening, a
second turn [26] third via opening, and 5 a third turn third via opening;
processing the fourth conductive material layer to form a fourth level
fourth turn; a fourth level third turn connected to the third level third
turn [150"'-124], a fourth level second turn connected to the third level
second turn [150"'-126], a fourth level first turn connected to the third
level first turn [150"'-128]; and 10 forming a fourth dielectric layer [14]
over the third dielectric layer [121], the fourth level fourth turn, the
fourth level third turn, the fourth level second turn, and the fourth level
first turn. 4. The method as claimed in claim 3 including: forming a first
connecting portion [130] under the first level first turn [150'-128] and 15
connected to a turn selected from the group consisting of the second level
second turn [150"-126], the third level third turn [150"'-124], the fourth
level fourth turn, and a combination thereof. 5. The method as claimed in
claim 3 including: forming a second connecting portion [134] while
processing a conductive material 20 layer selected from the group
consisting of the second conductive material layer, the third conductive
material layer, the fourth conductive material layer, and a combination
thereof. 6. A method of manufacturing a 3-D spiral stacked inductor
comprising: providing a substrate [112]; 25 forming a field dielectric
[114] over the substrate [112]; forming a connecting conductive material
layer over the field dielectric [ 114]; processing the connecting
conductive material layer to form a first connecting portion [l30]; 



forming a connecting dielectric layer [116] over the first connecting
portion [130]; 30 forming a connecting via opening in the connecting
dielectric layer [116] connected to the first connecting portion [130]; t10
forming a first conductive material layer over the connecting dielectric
layer [116] and in the connecting via opening; processing the first
conductive material layer to form a first level first turn [l50'-128] and a
first level connecting contact [130']; 5 forming a first dielectric layer
[I18] over the substrate [112] and the first level first turn [150'-128]
and the first level connecting contact [130']; forming a first turn first
via opening in the first dielectric layer [118] connected to the first
level first turn (150'-l28] and a first connecting via opening connected to
the first level connecting contact [l30']; to forming a second conductive
material layer over the first dielectric layer [118] and in the first turn
first via opening and the first connecting via opening; processing the
second conductive material layer to form a second level second turn
[150"-126] and a second level first turn [l50"-128] connected to the first
level first turn [150'-128] , and 15 forming a second dielectric layer
[120] over the first dielectric layer [1l8], the second level second turn
[150"-l26], and the second level first turn [I50"-l28]. 7. The method as
claimed in claim 6 wherein: processing the second conductive material layer
includes forming a second level connecting contact [134]; 20 and including:
forming a first turn second via opening, a second turn second via opening,
and a second connecting via opening in the second dielectric layer [120]
respectively connected to the second level first turn [l50"-128], second
level second turn [l50"-126], and the second level connecting contact
[134]; 25 forming a third conductive material layer over the second
dielectric layer [l20] and in the first turn second via opening, a second
turn second via opening, and the second connecting via opening; processing
the third conductive material layer to form a third level third turn [150"'
124], a third level second turn [l50"'-126] connected to the second level
3o second turn [150"-126], a third level first turn [150"'-l28] connected
to the second level first turn [150"-128]; and I1 



forming a third dielectric layer [121] over the second dielectric layer
(120], the third level third turn [150"'-124], the third level second turn
[150"'-126], and the third level first turn [l50"'-I28]. 8. The method as
claimed in claim 7 wherein: 5 processing the third conductive material
layer includes forming a third level connecting contact; and including:
forming a first turn third via opening, a second turn third via opening, a
third turn third via opening, and a third connecting via opening in the
third dielectric 10 layer [121] respectively connected to the third level
first turn [150"'-l28], the third level second turn [ 150"'-l26], the third
level third turn [ 150"'-124], and the third level connecting contact;
forming a fourth conductive material layer over the third dielectric layer
[121] and in the first turn third via opening, the second turn third via
opening, the third 15 turn third via opening, and the third connecting via
opening; processing the fourth conductive material layer to form a fourth
level fourth turn, a fourth level third turn connected to the third level
third turn [150"'-l24], a fourth level second turn connected to the third
level second turn [150"'-126], a fourth level first turn connected to the
third level first turn [150"-128]; and 20 forming a fourth dielectric layer
[14] over the third dielectric layer [121], the fourth level fourth turn,
the fourth level third turn, the fourth level second turn, and the fourth
level first turn. 9. The method as claimed in claim 8 including: forming a
first connecting portion [l30] under the first level first turn [150'-l28]
and 25 connected through a connecting contact selected from a group
consisting of the first level connecting contact [130'], the second level
connecting contact [130"], the third level connecting contact, and a
combination thereof to a turn selected from a group consisting of the
second level second turn [l50"-126], the third level third turn
[150"'-124], the fourth level fourth turn, and a 30 combination thereof.
10. The method as claimed in claim 8 including: 12   forming a second
connecting portion [134] while processing a conductive material layer
selected from the group consisting of the second conductive material layer,
the third conductive material layer, the fourth conductive material layer,
and a combination thereof. 5 11. A 3-D spiral stacked inductor comprising:
a substrate [1I2]; 



a plurality of turns [124, I26, 128] in a plurality of levels [l50', l50",
150"'] wherein: the number of levels increases from an inner turn of the
plurality of turns [ 124, 126, 128], 10 the number of turns decreases in
the number of levels more proximate to the substrate [112] to one turn
proximate the substrate [112], and at least one of the plurality of turns
[124, l26, 128] is interconnected along the length thereof to another turn
in the plurality of levels [l50', 150", 150"' ]. 15 a first connecting
portion [130] connected to the inner turn of the plurality of turns [124,
126, l28] in the level distal from the substrate [112]; and a second
connecting portion [134] connected to an outermost of the plurality of
turns [124, 126, 128]; and a dielectric material [ 116,121 ] containing the
first and second connecting portions 20 [130, l34] and the plurality of
turns [124, 126, 128]. 12. The 3-D spiral stacked inductor as claimed in
claim 11 wherein the one turn is an outermost turn. 13. A 3-D spiral
stacked inductor comprising: a substrate [112]; 25 a plurality of toms
[124, 126, l28] in a plurality of levels [ 150', 150", 150"'] wherein: the
number of levels increases from an inner turn of the plurality of turns
[l24, l26, 128], a turn of the plurality of turns [124, 126, 128] proximate
to the substrate [1l2] has one turn and the largest number of levels having
other turns of the 3o plurality of turns [124, 126, 128] connected thereto,
the most distal level from the substrate [ 112] has the most turns of the
plurality of turns [124, 126, 128], and 13   the number of turns increases
distally from the substrate [112]; a first connecting portion [l30]
connected to an inner turn of the plurality of turns [l24, l26, 128J; a
second connecting portion [134] connected an outermost turn of the
plurality of 5 turns [124, 126, 128]; and a dielectric material [116, 12l]
containing the first and second connecting portions [130, 134] and the
plurality of turns [l24, 126, 128]. 14. The 3-D spiral stacked inductor as
claimed in claim 13 wherein the inner turn is in the most distal level of
the plurality of levels [150', 150", 150"'] 10 15. A 3-D spiral stacked
inductor comprising: a substrate [112]; 



a first level first turn [l50'-128] over the substrate [112]; a first
dielectric layer [118] over the substrate [112] and the first level first
turn [150' 128] , the first dielectric layer [1l8] having provided therein
a first turn first 15 via opening connected to the first level first turn
[150'-l28] ; a second level second turn [150"-126] over the first
dielectric layer [118J; a second level first turn [150"-128] over the first
dielectric layer [118] and in the first turn first via opening connected to
the first level first turn (150'-128]; and a second dielectric layer [ 120]
over the first dielectric layer [ 118], the second level 20 second turn [
150"-126], and the second level first turn [ 150"-I28]. 16. The 3-D spiral
stacked inductor as claimed in claim 15 wherein: the second dielectric
layer [120] has provided therein a first turn second via opening and a
second turn second via opening respectively connected to the second level
first turn [150"-128] and second level second turn [l50"-126] ; 25 and
including: a third level third turn [ 150"'-124] over the second dielectric
layer [ 120]; a third level second turn [150"'-126] over the second
dielectric layer [120] and in the second turn second via opening connected
to the second level second turn [150"-126]; 30 a third level first turn
[150"'-128] over the second dielectric layer [120] and in the first turn
second via opening connected to the second level first turn [150" 128]; and
14   a third dielectric layer [121) over the second dielectric layer [120],
the third level third turn [150"'-124], the third level second turn
[150"'-126], and the third level first turn [l50"'-128]. 17. The 3-D spiral
stacked inductor as claimed in claim 16 wherein: 5 the third dielectric
layer [l21] has provided therein a first turn third via opening, a second
turn third via opening, and a third turn third via opening respectively
connected to the third level first turn [I50"'-128], the third level second
turn [150"'-126], and the third level third turn [150"'-l24]; and
including: 1o a fourth level fourth turn over the third dielectric layer
[12l]; a fourth level third turn over the third dielectric layer [l21] and
in third turn third via opening connected to the third level third turn
[150"'-l24]; a fourth level second turn over the third dielectric layer
[l21] and in the second turn third via opening connected to the third level
second turn [l50"'-126]; 15 a fourth level first turn over the third
dielectric layer [l21] and in the first turn third 



via opening connected to the third level first turn [150"'-128]; and a
fourth dielectric layer [14] over the third dielectric layer [121), the
fourth level fourth turn, the fourth level third turn, the fourth level
second turn, and the fourth level first turn. 20 18. The 3-D spiral stacked
inductor as claimed in claim 17 including: a first connecting portion [l30]
under the first level first turn [150'-128) and connected to a turn
selected from the group consisting of the second level second turn
[150"-l26], the third level third turn (150"'-l24], the fourth level fourth
turn, and a combination thereof. 25 19. The 3-D spiral stacked inductor as
claimed in claim 17 including: a second connecting portion [134] connected
to a turn selected from the group consisting of the second level first turn
[150"-128], the third level first turn [150"'-128], the fourth level first
turn, and a combination thereof. 20. A 3-D spiral stacked inductor
comprising: 3o a substrate [l12]; a field dielectric [114] over the
substrate [112]; a first connecting portion [130] over the field dielectric
[114]; 15   a connecting dielectric layer [116] over the first connecting
portion [130] and having provided therein a connecting via opening
connected to the first connecting portion [130]; a first level first turn
[150'-128) over the connecting dielectric layer [116]; 5 a first level
connecting contact [ 130' ) over the connecting dielectric layer [ 116] and
in the connecting via opening connected to the first connecting portion
[I30]; a first dielectric layer [118] over the connecting dielectric layer
[1l6], the first level first turn [150'-128] , and the first level
connecting contact [130'], the first dielectric layer [l18] having provided
therein a first turn first via opening l0 connected to the first level
first turn [150'-l28] and a first connecting via opening connected to the
first level connecting contact [130']; a second level second turn
[150"-l26] over the first dielectric layer [118]; a second level first turn
[150"-128] over the first dielectric layer [118] and in the first turn
first via opening connected to the first level first tum [l50'-128] and in
15 the first connecting via opening; and a second dielectric layer [120]
over the first dielectric layer [1l8], the second level second turn
[l50"-126], and the second level first turn [150"-128]. 21. The 3-D spiral
stacked inductor as claimed in claim 20 including: a second level
connecting contact [130"] over the first dielectric layer [118]; 



20 and wherein: the second dielectric layer [ 120] having provided therein
a first turn second via opening, a second turn second via opening, and a
second connecting via opening respectively connected to the second level
first turn [150"-128], second level second turn [150"-126], and the second
level connecting contact 25 (130"]; and including: a third level third turn
[l50"'-124] over the second dielectric layer [120]; a third level second
turn [150"'-126]over the second dielectric layer [120] and in the second
turn second via opening connected to the second level second turn 30
[150"-126); a third level first turn [I50"'-128] over the second dielectric
layer (120] and in the first turn second via opening connected to the
second level first turn ( 150" 128); and 16   a third dielectric layer [
12l ] over the second dielectric layer [ 120], the third level third turn
[l50"'-124], the third level second turn [150"'-126], and the third level
first turn [l50"'-128]. 22. The 3-D spiral stacked inductor as claimed in
claim 21 including: 5 a third level connecting contact over the second
dielectric layer [120]; and wherein: the third dielectric layer [12l] has
provided therein a first turn third via opening, a second turn third via
opening, a third turn third via opening, and a third connecting via opening
respectively connected to the third level first turn 10 [150"'-l28], the
third level second turn [26], the third level third turn [150"' 124], and
the third level connecting contact; and including: a fourth level fourth
turn over the third dielectric layer [121]; a fourth level third turn over
the third dielectric layer [121] and in the first turn third 15 via opening
connected to the third level third turn; a fourth level second turn over
the third dielectric layer [l21] and in the second turn third via opening
connected to the third level second turn [150"'-126]; a fourth level first
turn over the third dielectric layer [ 121 ] and in the third turn third
via opening connected to the third level first turn [l50"-128]; 2o a fourth
dielectric layer [ 14] over the third dielectric layer [ 121 ], the fourth
level fourth turn, the fourth level third turn, the fourth level second
turn, and the fourth level first turn. 23. The 3-D spiral stacked inductor
as claimed in claim 22 including: 



a first connecting portion [130] under the first level first turn
[150'-128] and z5 connected through a connecting contact selected from a
group consisting of the first level connecting contact (130'], the second
level connecting contact [130"], the third level connecting contact, and a
combination thereof to a turn selected from a group consisting of the
second level second turn [I50"-126], the third level third turn [
150"'-124], the fourth level fourth turn, and a 30 combination thereof. 17
24. The 3-D spiral stacked inductor as claimed in claim 22 including: a
second connecting portion [I34] connected to a turn selected from the group
consisting of the second level first turn [150"-128], the third level first
turn [150"'-l28], the fourth level first turn, and a combination thereof 5
18 .A&i.A(.AC.AC.AC.AC.AC.AC.AC.AC.AC.AC.AC.AC.AC.AC.AC.A6F,<$r;r2    V>K
a}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!aw*?n3IN%R:s
`R}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Rr"&!H!"6#_#''8*+00m22.3J333^45-6667v778
9`::}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:::5<=A_EdEFAGkHHJ)JJJ;
KKKELJLdLLMjMMM2NVNNN&OwOO}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!OO:PiPP
QIQQQARRRS]SSST\TTTU0UUUUQVVVBWWW
X<XX}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!XX4Y\YYY*Z|ZZZ9[[[=\\\\]:]]]^]^^_6___+
`|```?ala}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!laaaa9bbbcmccc1d{ddddSeeeeCfWffff
g_ggg.h}hhicii}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!ij`jjjjWkkll%m+m|mmn4nwnn%o0
ooopXp^papppSqhqqqKr^r}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!^rrrOsZsss-ttttt<uMu
uuvvw)wgwwx\xxyy;
zzz"{4{{{}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!{$|0|||||E}}}}J~~~#2whT]JrZ}xsnid
_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca!ZX^`fV?TM+E2}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!2AW
O\K{SNN9}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!9!O\K{SNN9}xsnid_Z]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca6F,iK- 10%"&'()-010%"&'()-|3 10%"&'()-g 10%"&'()-|710%"&'()-3
10%"&'()-i10%"&'()-,<$dE- 10%"&'s$
10%"&'()-C"10%"&'()-!IYS#10%""&'()-C"10%"&'()-IS#10%"&'()-IS#10%"&'()-$r;
rdB-
10%"!fp,6#10%""&'()-fp,6#10%"&'()-&*v%10%"&'()-fI)10%"&'()-f'6#10%"&'()-f&6
#10%"&'()-r2       xmb@ 10%!X=.10%&'()- 10" 10"
10"f710%"&'()-f6S#10%"&'()-f4S#10%"&'()-&2%10%"&'()- V>dEmb@
10%!fL6#10%,&'()- 



10%,&'()-&10%,&'()-v  10%,&'()-I10%,&'()-I3S#10%,&'()-K   awdEmb@ 10%!6
10%,&'()-`<10%,&'()-fS#10%,&'()-C@Y%10%,&'()-fs10%,&'()-f6#10%,&'()-*?ndEmb
@ 10%!`p,v%10%,&'()-%S#10%,&'()-CV$v%10%,&'()-6"
10%,&'()-!S10%,&'()-fS#10%,&'()-3IKLaB7@
10,Fi<s10%,&'()-76#10%,&'()-66#10%,&'()-`l4v%10%,&'()-!.S#10%,,&'()-.S#10%,
&'()-LMN%jK@ 10, %10%&'()-fY S#10%&'()-!fS#10%&'()-f 10%&'()-fS#10%&'()-
10, 10,R:aBK@ 10,c10%&'()-S 10%&'()-`<10%&'()-!fS#10%&'()-C#10%&'()-f
S#10%&'()-s `dEK@ 10,S`0 10%&'()-C. 10%&'()-F(S#10%&'()-C&%10%&'()-6%
10%&'()-"10%&'()-`RrdEK@ 10,:S#10%&'()-S\8 10%&'()-`6F
10%&'()-65S#10%&'()-S3 10%&'()-1-10%&'()- !"G &!H!{Y: 1,10%&'()-!:
%10%&'()- ! %10%&'()- ! %10%&'()-  10 10
10FL<V10%&'()-H!!5""6#_#$wX6{Y:!@C%%10%&'()-7#*10%&'()-!#`Y%10%&'()-C!#`Y%1
0%&'()-C!#`Y%10%&'()-C!`Y%10%&'()-C$%''' '''({Y7!!Cv%10%&'()-!#Cv%10%&'()-
10 10
10)i<s10%&'()-!GC%%10%&'()-7!GC%%10%&'()-7(=)8*Z++V,W-zX6{Y7!@C%10%&'()-!FC
%10%&'()-`Y%10%&'()-m!`Y%10%&'()-m!Cv%10%&'()-!1Cv%10%&'()-W-0./
000000wXMB7! 10 10
10Fi<V10%&'()-!UC%10%&'()-!C%10%&'()-!C%10%&'()-!GC%10%&'()-0m22.3J333aBMB7
! 10f6#10%&'()- 10%&'()-fL10%&'()-f
6#10%&'()-%10%&'()-!IS#10%&'()-3^45-6667dEMB7! 106!
10%&'()-y10%&'()-fS#10%&'()-`<Y%10%&'()-fS#10%&'()-C#Y%10%&'()-7v777899aBMB
7!
10.6#10%&'()-Cp,%10%&'()-!f%S#10%&'()-f%S#10%&'()-CV$v%10%&'()-"6#10%&'()-9
`:::::::;uj_=! 10!%10%&'()-l 



10 10 10Fi<V10%&'()-610%&'()-`l4Y%10%&'()-!.6#10%&'()-;
5<==F>X?h@wU3j_=!1Cv%10%&'()-!Cv%10%&'()-!*Cv%10%&'()-!C v%10%&'()-m!C
v%10%&'()-m!%10%&'()-lh@AABCJD_EwX6j_=!!8C%v%10%&'()-]C%v%10%&'()-]!8C%v%10
%&'()-]!C%v%10%&'()-]!8C%v%10%&'()-]!Cv%10%&'()-_EaEbEcEdEFAGhGGb@!!8!f
S#10%&'()-f S#10% &'()-& %10%&'()-fS#10%&'()- 10 10
10)i<s10%&'()-GkHHHJ)JJ}^?b@!!8Sf
10%&'()-`YI10%&'()-!6#10%&'()-6#10%&'()-C@v%10%&'()-!f S#10%&'()-JJ;
KKKELGLHLILdE:/ 10 10Fi<V10%&'()-&-
10%&'()-CV$v%10%&'()-f"S#10%&'()-f0!S#10%&'()-fS#10%&'()- ILJLdLLMjMMMxY:/
10ij10%&'()-6  10%&'()-& %10%&'()-6v 10%&'()-6P10%&'()-f  10%&'()-
10M2NVNNN&OwOdE:/ 10#10%&'()-6 10%&'()-10%&'()-C@v%10%&'()-10%&'()-6
10%&'()-wOOO:PiPP QdB:/ 10!S6#f 10%&'()-S!f 10%&'()-6
10%&'()-#10%&'()-CYv%10%&'()-#10%&'()- QIQQQARRRaB:/ 10C,v%10%&'()-!SP+f
10%&'()-S)f 10%&'()- #(10%&'()-Sy&f 10%&'()-C$y10%&'()-RS]SSST\TaB:/ 10S7f
10%&'()-Cp510%&'()-#i3C10%&'()-!S1 10%&'()-S&0
10%&'()-#.f10%&'()-\TTTTTTU0UUbC 106 10%&'()- 310%&'()- 10%&'()- 10 10
10)<s10%&'()-#810%&'()-UUUQVVVBWa?bC 10!6 10%ee&'()-10%&'()-L10%&'()-6
10%&'()-&s10%&'()-!6v  10%&'()-BWWW X<XXXdEbC 10!`Y%10%&'()-6
10%&'()-610%&'()-fs10%&'()-10%&'()-C#v%10%&'()-X4Y\YYY*Z|ZdEbC
10!&10%&'()-C<%v%10%&'()-S#f
10%&'()-6"10%&'()-10%&'()-`10%&'()-|ZZZ9[[[=\aBbC 10!SP410%&'()-!S1
10%&'()-Sy/@10%&'()-C-10%&'()-6*#10%&'()-y#( 



10%&'()-=\\\\\\\]:]bC 10!310%&'()-6f 10%&'()- 10 10
10i<10%&'()-#v710%&'()-`5v%10%&'()-:]]]^]^^_dBbC 10!!6 10%&'()-6L 10%&'()-
10%&'()- %10%&'()-v 10%&'()-6f 10%&'()-_6___+`|``dEbC
10!!#10%&'()-#10%&'()-f 10%&'()-310%&'()-`#Y%10%&'()-10%&'()-``?alaaaaaBbC
10!C$v 10%&'()-#6#10%&'()-S!f 10%&'()-6 10%&'()-!Sf
10%&'()-`<Y%10%&'()-a9bbbcmccdEbC
10!#v.10%&'()-`,v%10%&'()-@3+10%&'()-#)10%&'()-#(10%&'()-S\&
10%&'()-cc1d{dddddddE:/ 10 10L<10%&'()-@6f10%&'()-`4v%10%&'()-#L310%&'()-S1
10%&'()-#010%&'()-ddSeeeeCfWfuV7/
10IP10%&'()-%10%&'()-610%&'()-C10%&'()-!6Pf 10%&'()-6f 10%&'()- 10Wffff
g_gggdE7/ 10IP10%&'()-c10%&'()-Cv%10%&'()- 10%&'()-6p
10%&'()-6f10%&'()-g.h}hhiciidE7/ 10IP!10%&'()- 10%&'()-6|
10%&'()-`C10%&'()-910%&'()-6 10%&'()-ij`jjjjWkdE7/ 10IPS+f
10%&'()-60*10%&'()-)(10%&'()-#y&10%&'()-C$v%10%&'()-#S#10%&'()-Wkkll%m(m)m*
m+mdYNC 10I 10 10
10i<10%&'()-S710%&'()-C510%&'()-#/10%&'()-Cs-%10%&'()-+m|mmn4nwnnaBYNC 106
10%&'()-!qJ10%aa&'()-  10%&'()-10%&'()-P10%&'()-6 10%&'()-n%o0ooopXpaBYNC
10 10%&'()-10%&'()- c10%&'()-`Y%10%&'()-  10%&'()-!6p
10%&'()-Xp^pppSqhqqaBYNC 1066# 10%&'()- #!10%&'()-6  10%&'()-#|10%&'()-
`9Y%10%5&'()-  `9Y%10%ee&'()-qqKr^rrrOsdBYNC 10!Sy/f
10%&'()-C-v%10%&'()-S*10%&'()-(10%&'()-S&f
10%&'()-C$10%&'()-OsZsss-tttaBYNC 10 &9
10%&'()-710%&'()-`610%&'()-!#P410%&'()-#210%&'()-)110%&'()-tttttt<uMuubC
106 



10%&'()-10%&'()-P 10%&'()- 10%&'()- 10 10 10i<10%&'()-uuHvvvw)waBbC
10610%&'()-C&10%&'()-f 10%&'()- 6  10%&'()-!6
10%&'()-&710%&'()-)wgwwx\xxTydEbC 10Sf 10%&'()-Sf
10%&'()-`@10%&'()-#10%&'()-6 10%&'()-6L10%&'()- Tyyy;zzz"{aBbC
10#6,10%&'()-!S*f 10%&'()-S)f 10%&'()-S`'10%&'()-CY% 10%&'()-Sf
10%&'()-"{4{{{$|0||dEbC 10`5Y%10%&'()-@P4c10%&'()-#210%&'()-S)1f
10%&'()-Sy/s10%&'()-C-v 10%&'()-|||||||E}}bC 10 P10%&'()- 10%&'()- 10 10
10i<10%&'()-@&910%&'()-#710%&'()-}}}J~~~#dEbC 10pz10%&'()-10%&'()-,10%&'()-
%10%&'()-6 10%&'()-610%&'()-#2whdEbC 10p10%&'()-6 10%&'()-F10%&'()-6F
10%&'()-C10%&'()-6f10%&'()-T]dEbC 10C<%f 10%&'()-6#10%&'()-!10%&'()-6
10%&'()-`10%&'()-Cv%10%&'()-]JraBbC 10Sy/ 10%&'()-C-f
10%&'()-#+10%&'()-#0*10%&'()-!S(f 10%&'()-S&f 10%&'()-ZX[\}^?4C 10
10i<10%&'()-S9I10%&'()-S810%&'()-!`410%&'()-#210%&'()-!S1 10%&'()-\]^`jKC
10 10i& %10%&'()- Z10%&'()-!$`10%&'()- P10%&'()- 10%&'()- 10 10fV}^?KC 10
10J10%&'()-C@v%10%&'()-10%&'()-!6 10%&'()-6i 10%&'()-!  10%&'()-?TdEKC 10
1010%&'()-6 10%&'()-CY}10%&'()-10%&'()-6 10%&'()-610%&'()-TMdEKC 10
10)10%&'()-)(10%&'()-6y& 10%&'()-C$10%&'()-6S#10%&'()-6!s10%&'()-+E2AaBKC
10 



10C4C10%&'()-#i310%&'()-S1f 10%&'()-S&0V10%&'()-!C-
10%&'()-yP+10%&'()-AWxmbC 10 106 10%&'()- 10 10
10i<10%&'()-@9|10%&'()-#@810%&'()-S6 10%&'()-WO\a?mbC 10 10!6p 10%&'()-6
10%&'()-6,10%&'()-!10%&'()-610%&'()-P10%&'()-K{dEmbC 10 10!Sf
10%&'()-S10%&'()-6f10%&'()-#Fm10%&'()-Cv%10%&'()- 10%&'()-{SNdEmbC 10
10!C$v%10%&'()-6#J10%&'()-S!f 10%&'()- p10%&'()-S`f
10%&'()-`10%&'()-NNdEmbC 10 10!#/10%&'()-Cs-%10%&'()-S+f
10%&'()-60*s10%&'()-#(10%&'()-#y&10%&'()-9b@ 10 10!!6 10%//&'()-63
10%g&'()-s10%g&'()- 10 10 10i<10%&'()-`p510%&'()-!b@ 10 10!!6 10%//&'()-63
10%g&'()-s10%g&'()- L<10%g&'()-&W10%g&'()-Y 10%g&'()- Normal" "Heading
13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading
63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
FontM! $-7cBIIQYa*jqy]!aR:OXlai^r{Z29!^_`abcdefghij,$r L`H!$(W-0379;
h@_EGJILMwO
QR\TUBWX|Z=\:]_`acdWfgiWk+mnXpqOstu)wTy"{|}#]\TAW{N!klmnopqrstuvwxyz{|}~6Ti
mes New RomanArialCourier New"h Root EntryWordDocument^q
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


