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ABSTRACT

A neW structure is provided for the creation of an inductor
on the surface of a silicon semiconductor substrate. The

inductor is of spiral design and perpendicular to the plane of
the underlying substrate. Conductor line Width can be
selected as narroW or Wide, ferromagnetic material can be

used to ?ll the spaces betWeen the conductors of the spiral
inductor. The spiral inductor of the invention can further by
used in series or in series With conventional horizontal
inductors.
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INTEGRATED VERTICAL SPIRAL INDUCTOR ON
SEMICONDUCTOR MATERIAL
BACKGROUND OF THE INVENTION

circuit can also be used to form a high electrical impedance

by using the LC resonance of the circuit and to thereby
counteract the effect of parasitic capacitances that are part of
a circuit. The self-resonance that is caused by the parasitic

capacitance betWeen the (spiral) inductor and the underlying
[0001] (1) Field of the Invention

substrate Will limit the use of the inductor at high frequen

[0002] The invention relates to the fabrication of inte
grated circuit devices, and more particularly, to a method
and structure for creating a high Q inductor While simulta

cies.

neously reducing the surface space that is consumed by such

[0007] One of the key components that is applied in
creating high frequency analog semiconductor devices is the

that is positioned in a plane that is perpendicular to the plane

inductor that forms part of a LC resonance circuit. The key
challenge in the creation of the inductor is to minimiZe the
surface area that is required for the creation of the inductor

of the substrate on Which the conductor is created.

While maintaining a high Q value for the inductor. Conven

[0003] (2) Description of the Prior Art

tional inductors that are created on the surface of a substrate

an inductor. The inductor of the invention is a spiral inductor

[0004] Modern semiconductor technology requires the
creation of high performance semiconductor devices that are
produced at competitive prices. A direct result of these
requirements is that device density and inter-device pack
aging density continue to increase from Which directly

are of a spiral shape, Whereby the spiral is created in a plane
that is parallel With the plane of the surface of the substrate.
Conventional methods that are used to create the inductor on

the surface of a substrate suffer several limitations. Most

high Q inductors form part of a hybrid device con?guration
or of Monolithic MicroWave Integrated Circuits (MMIC’s)

folloWs the requirement that the surface area or space that is
available on the surface of a semiconductor substrate is
carefully allocated and maximized in its use.

is not readily integratable into a typical process of Integrated

[0005] While the majority of semiconductor devices relate
to the ?eld of digital data processing, electronic circuitry can

[0008] By combining the creation on one semiconductor
monolithic substrate of circuitry that is aimed at the function

nevertheless be divided into tWo broad ?elds. One ?eld

of analog data manipulation and analog data storage With the
functions of digital data manipulation and digital data stor

addresses digital processing While the second ?eld addresses

or are created as discrete components, the creation of Which

Circuit manufacturing.

the manipulation of analog signals. Digital semiconductor

age, a number of signi?cant advantages are achieved. Such

devices have as function the manipulation or storage of

advantages include the reduction of manufacturing costs and
the reduction of poWer consumption by the combined func
tions. To reach required inductive values for particular
applications, inductors can be of signi?cant physical siZe

digital information. The functions of analog electronic cir
cuitry have in previous years typically been handled by
separate components such as relatively large capacitors or

relatively large inductors. The separate components may
have been applied in combination With digital processing
capabilities, Whereby hoWever a signi?cant portion of the
functional implementation has been realiZed by the use of
for instance capacitive and inductive components in addition
to and functionally collaborating With the digital compo
nents. Circuit requirements that are imposed on components

that are required for analog processing have in the past
limited the integration of such components into typical
semiconductor integrated circuit devices.

[0006] Modern mobile communication applications center
around compact high-frequency equipment. With the con
tinued improvements in the performance characteristics of
this equipment, continued emphasis Will be placed on small
siZe of the equipment, loW poWer consumption, increased
frequency applications and loW noise levels. Semiconductor
devices are used in the ?eld of mobile communication for

the creation of Radio Frequency (RF) ampli?ers. A major

and can therefore require a signi?cant surface area of the

semiconductor substrate. To limit this impact of space
requirement, inductors are typically formed on the surface of
a substrate in a spiral form. The spiral form of the inductor
hoWever results in parasitic capacitances betWeen the induc

tor Wiring and the underlying substrate, due to the physical
siZe of the inductor. These parasitic capacitances have a
serious negative effect on the functionality of the created LC

circuit by sharply reducing resonance frequency of the tuned
circuit of the application.

[0009] Widely used in the industry to describe the appli
cability of a created inductor is the Quality (Q) factor of the
inductor. The quality factor Q of an inductor is de?ned as
folloWs: Q=Es/El Wherein Es is the energy that is stored in

the reactive portion of the component While E1 is the energy
that is lost in the reactive portion of the component. The
higher the quality of the component, the closer the resistive
value of the component approaches Zero While the Q factor

component of a typical RF ampli?er is a tuned circuit that

of the component approaches in?nity. The quality factor for

contains inductive and capacitive components. The tuned

components differs from the quality that is associated With

circuit has as electrical characteristic that, dependent on and

?lters or resonators. For components, the quality factor

determined by the values of its inductive and capacitive
components, can form an-impedance that is frequency
dependent, Which enables the tuned circuit to either form a
high or a loW impedance for signals of a certain frequency.
In this manner the tuned circuit can either reject or pass and

further amplify components of an analog signal based on the
frequency of that component. The tuned circuit can therefore
be used as a ?lter to ?lter out or remove signals of certain
frequencies or to remove noise from a circuit con?guration

that is aimed at manipulating analog signals. The tuned

serves as a measure of the purity of the reactance (or the

susceptance) of the component, Which can be degraded due
to parasitics. In an actual con?guration, there are alWays
some physical resistors that Will dissipate poWer, thereby
decreasing the poWer that can be recovered. The quality
factor Q is dimensionless. A Q value of greater than 100 is
considered very high for discrete inductors that are mounted
on the surface of Printed Circuit Boards. For inductors that

form part of an integrated circuit, the Q value is typically in
the range betWeen about 3 and 10.
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[0010]

strate, since resistive substrate losses form a domi

In creating an inductor on a monolithic substrate on

Which additional semiconductor devices are created, the
parasitic capacitances that occur as part of this creation limit
to about 10 the quality factor that can be achieved for the

inductor using the conventional silicon process. This limi

nant factor in determining the Q value of silicon
inductors

[0015] using metals that are particularly adaptable to
the process of the formation of inductors, a concern

tation is, for many applications, not acceptable. Dependent

is thereby hoWever raised by the use of AlCu (a metal
that is frequently used in semiconductor metalliZa

on the frequency at Which the LC circuit is designed to

resonate, signi?cantly larger values of quality factor, such as
for instance 100 or more, must be available. Prior Art has in

tion) since AlCu has higher resistivity than gold (Au)

this been limited to creating values of higher quality factors
as separate units, and in integrating these separate units With
the surrounding device functions. This negates the advan

nology

tages that can be obtained When using the monolithic
construction of creating both the inductor and the surround
ing devices on one and the same semiconductor substrate.

metalliZation that is frequently used in GaAs tech

[0016] employing biased Wells underneath a spiral
conductor

[0017] inserting various types of patterned ground

The non-monolithic approach also has the disadvantage that
additional Wiring is required to interconnect the sub-com

shields betWeen the spiral inductor and the silicon

substrate, and

ponents of the assembly, thereby again introducing addi
tional parasitic capacitances and resistive losses over the

[0018]

creating an active inductive component that

simulates the electrical properties of an inductor as it

interconnecting Wiring netWork. For many of the applica
tions of the RF ampli?er, such as portable battery poWered
applications, poWer consumption is at a premium and must
therefore be as loW as possible. By raising the poWer

is applied in active circuitry; this approach hoWever
results in high poWer consumption by the inductor
and in noise performance that is unacceptable for

consumption, the effects of parasitic capacitances and resis

loW poWer, high frequency applications

tive poWer loss can be partially compensated but there are
limitations to even this approach. These problems take on

even greater urgency With the rapid expansion of Wireless
applications such as portable telephones and the like. Wire
less communications is a rapidly expanding market, Where
the integration of RF integrated circuits is one of the most

[0019]

The above listing of researched alternatives is not

meant to be complete or all inconclusive. The above
approaches have as common objectives to:

[0020] 1) enhance the quality (Q) value of the induc
tor

important challenges. One of the approaches is to signi?
cantly increase the frequency of operation to for instance the
range of 10 to 100 GHZ. For such high frequencies, the
values of the quality factor obtained from silicon-based
inductors are signi?cantly degraded. For applications in this
frequency range, monolithic inductors have been researched
using other than silicon as the base for the creation of the
inductors. Such monolithic inductors have for instance been
created using sapphire or GaAs as a base. These inductors

have a considerably loWer parasitic capacitance than their

silicon counterparts and therefore provide higher frequen
cies of resonance of the LC circuit. Where hoWever more

[0021] 2) increase the frequency of the LC self
resonance thereby increasing the frequency range
over Which the inductor can be used, and

[0022]

3) reduce the surface area that is required for

the creation of the inductor.

[0023]

The inductor of the invention addresses the objec

tives that have been listed above and provides for a method
of creating an inductor that sharply reduces the surface area
that is required for the inductor. The method of the invention
creates a vertical spiral inductor, Which has performance

complex applications are required, the need still exists to

characteristics that differ sharply from the performance

create inductors using silicon as a substrate. For those

applications, the approach of using a base material other

characteristics of a typical spiral inductor that is created in
a plane that is parallel With the surface of the substrate. The

than silicon has proven to be too cumbersome While for
instance GaAs as a medium for the creation of semiconduc
tor devices is as yet a technical challenge that needs to be

vertical spiral inductor of the invention uses current pro
cesses of multilevel interconnect to create the return patterns
of the spiral, the return patterns are vertical With respect to

addressed.

[0011] The incorporation of RF inductors Without sacri
?cing device performance due to substrate losses has been
extensively researched in recent years. Some of the tech

niques that have been used for this approach include:

[0012] the selective removing (by etching) of the
silicon underneath the inductor (using methods of

micro-machining) thereby removing substrate para
sitic effects

[0013] using multiple layers of metal (such as alu

the plane of the surface of the substrate. The electromagnetic
?eld of the vertical return sections of the spiral inductor limit
the resistive losses that are typically obtained in the silicon
substrate since the electromagnetic ?eld of these return
sections is essentially parallel to the surface of the substrate
and does therefore not penetrate the substrate. In addition,
the surface area that is required for the creation of the
inductor is sharply reduced due to its vertical construction,
that is vertical With respect to the plane of the surface of the
substrate.
[0024]

FIG. 1a shoWs a top vieW of a Prior Art horiZontal

minum) interconnects or of copper damascene inter

spiral inductor 25. Some of the design parameters of con

connects

ductor 25 are highlighted as folloWs:

[0014] using a high resistivity silicon substrate
thereby reducing resistive losses in the silicon sub

[0025] 10 is the body of the inductor and contains a
conductive material
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[0026] 11 is one extremity of the conductive body 10
of the inductor 25 and is, for convenience sake and
arbitrarily, referred to as the beginning of the con

ductive body 10 of the inductor
[0027]

12 is a conductive connector that connects to

the beginning 11 of the conductive body 10 of the

inductor 25,
[0028] 13 is the opposing extremity of the conductive
body 10 of the inductor 25 and Will be referred to as

the end of the conductive body of the inductor
[0029]

14 is a contact via that interconnects metal

[0040] US. Pat. No. 5,936,298 (Capocelli coil. teaches
process for a Helix coil.

[0041] US. Pat. No. 5,576,680 (Ling) Structure and fab
rication process of inductors on semiconductor chip, shoWs
a vertical coil. See FIGS. 36 through 4c. Also a helix coil
With a core.

[0042] US. Pat. No. 5,372,967 (Sundram)—Method for
fabricating a vertical trench inductor, shoWs a vertical trench
coil process.

[0043] US. Pat. No. 5,884,990 (BurghartZ et al.) shoWs
another vertical coil process.

strip 12 With the conductive body 10 of the inductor
SUMMARY OF THE INVENTION

[0030] 16 is the spacing betWeen the spirals of the
conductive body 10 of inductor 25
[0031] 18 is the Width of the spirals of the conductive
body 10 of inductor 25

[0044] A principle objective of the invention is to reduce
the surface area that is required for the creation of an
inductor on the surface of a silicon semiconductor substrate.

[0045]

[0032] 20 is the length of the longest spiral of the
conductive body 10 of inductor 25, and
[0033] 22 is the length of the shortest spiral of the
conductive body 10 of inductor 25.
[0034] The top vieW of the Prior Art inductor that is shoWn
in FIG. 1 is not shoWn in order to highlight in extensive
detail all the parameters that can be associated With such an
inductor but merely serves to point out the essence of the

Prior Art inductor, that is:

[0035] the geometric shape of the inductor is that of
a spiral

[0036]

the individual sections that make up the spiral

of the inductor alternately intersect at an angle of 90
degrees and have a length and a Width and are

separated by a spacing
[0037] the spiral that forms the inductor ends in tWo
extremities, the inductor is electrically intercon

nected to surrounding circuitry by being connected
to these tWo extremities, and

[0038] the body of the inductor is contained in a
plane that is parallel to the plane of the surface of the
substrate on Which the inductor is created.

[0039] Not shoWn in FIG. 1 is the height of each of the
linear segments that collectively form the body of the
inductor 10, this height can be de?ned as the thickness of the
conductive layer that is deposited on the surface of the
substrate for the formation of the inductor. The loWer surface
of the inductor is the surface of the inductor that is parallel
to the surface of the substrate and that is closest to the
surface of the substrate, the upper surface of the inductor is
the surface of the inductor that is parallel to the surface of
the substrate and that is furthest removed from the surface of
the substrate. The distance betWeen the upper surface and
the loWer surface of the inductor as measured in a direction

that is perpendicular to the plane of the substrate is the
height of the inductor. Across section of the inductor that is
taken in a plane betWeen the upper and the loWer surface of

the inductor shoWs the geometric shape of the inductor,
Which is the shape of a spiral. The height of the inductor of
Prior Art is essentially the same along the spiral of the
inductor.

Another objective of the invention is to create an

inductor on the surface of a silicon semiconductor substrate

Whereby the electromagnetic ?eld of the inductor has
sharply reduced resistive losses induced by the underlying
substrate.

[0046]

In accordance With the objectives of the invention

a neW method and structure is provided for the creation of
an inductor on the surface of a silicon semiconductor

substrate. The inductor is of spiral design, Whereby the plane
of a cross section of the inductor that re?ects the spiral

design of the inductor is perpendicular to the plane of the
underlying substrate. The ?rst embodiment of the invention
provides a method of creating a vertical spiral inductor With
thin conductor Width. The second embodiment of the inven
tion provides a method of creating a vertical spiral inductor

With thin conductor Width Whereby ferromagnetic material is
incorporated in the creation of the inductor. The third
embodiment of the invention provides a method of creating
a vertical spiral inductor With Wide conductor Width. The
fourth embodiment of the invention provides a method of
creating a vertical spiral inductor With Wide conductor Width

Whereby ferromagnetic material is incorporated in the cre
ation of the inductor. The ?fth embodiment of the invention
provides tWo vertical spiral inductors that are connected in
series. The sixth embodiment of the invention provides tWo
vertical spiral inductors that are connected in series Whereby

ferromagnetic material is incorporated in the creation of the
inductor. The seventh embodiment of the invention provides
for the creation of a vertical spiral inductor that has a

construction of protruding spirals. The eighth embodiment
of the invention provides for the creation of a vertical spiral
inductor that is combined With a horiZontal spiral inductor

Whereby ferromagnetic materials are incorporated in the
creation of the vertical inductor Whereby the horiZontal
spiral inductor is overlaying the vertical spiral inductor. The
ninth embodiment of the invention provides for the creation
of a vertical spiral inductor that is combined With a hori

Zontal spiral inductor Whereby ferromagnetic materials are
incorporated in the creation of the vertical inductor Whereby
the horiZontal spiral inductor is in the plane of the top
surface of the vertical spiral inductor.
BRIEF DESCRIPTION OF THE DRAWINGS

[0047]

FIG. 1 shoWs a top vieW of a Prior Art horiZontal

spiral conductor.

Jan. 16, 2003

US 2003/0013264 A1

[0048]

FIG. 2 addresses a vertical inductor of the inven

tion that uses thin conductor Width, as folloW:

[0049]

FIG. 2a is a right hand extended three-dimensional

vieW of the vertical inductor of the invention With a small
conductor Width.

[0050]

FIG. 2b shoWs a top vieW the vertical inductor of

the invention With a small conductor Width.

[0066]

FIG. 8 addresses an inductor of the invention

Whereby the spirals of the inductor protrude from the
vertical plane of the inductor, as folloWs:

[0067]

FIG. 8a shoWs an expanded three-dimensional

front side vieW of a vertical inductor of the invention

Whereby the spirals of the inductor progressively protrude
from the body of the inductor.
[0068]

FIG. 8b shoWs an expanded three-dimensional

[0051] FIG. 2c shoWs a cross section in an Y-direction of
the vertical inductor of the invention With a small conductor

backside vieW of a vertical inductor of the invention

Width.

from the body of the inductor.

[0052] FIG. 2a' shoWs a cross section in a Z-direction of
the vertical inductor of the invention With a small conductor

Whereby the spirals of the inductor progressively protrude
[0069]

FIG. 8c shoWs a cross section in an X-dimension

of a vertical inductor of the invention Whereby the spirals of

Width.

the inductor progressively protrude from the body of the

[0053] FIG. 3 addresses a vertical inductor of the inven
tion that uses small conductor Width Whereby furthermore
ferromagnetic material is incorporated, as folloW:

inductor.

[0054]

FIG. 3a is a right hand extended three-dimensional

[0070] FIG. 9 addresses an inductor of the invention
Whereby a conventional horiZontal spiral inductor is com
bined With a vertical spiral inductor of the invention

vieW of the vertical inductor of the invention With a small

Whereby the horiZontal inductor overlays the vertical induc

conductor Width Whereby ferromagnetic material is incor

tor, as folloWs:

porated.

[0071]

[0055] FIG. 3b shoWs a top vieW the vertical inductor of
the invention With a small conductor Width Whereby ferro

hand vieW of an inductor of the invention Whereby a
horiZontal spiral inductor is connected in series With a

FIG. 9a shoWs a three-dimensional expanded right

magnetic material is incorporated.

vertical spiral inductor.

[0056] FIG. 3c shoWs a cross section in an X-direction of
the vertical inductor of the invention With a small conductor

[0072]

Width Whereby ferromagnetic material is incorporated.

of an inductor of the invention Whereby a horiZontal spiral
inductor is connected in series With a vertical spiral inductor.

[0057] FIG. 3a' shoWs a cross section in an Y-direction of
the vertical inductor of the invention With a small conductor

FIG. 9b shoWs a cross section taken in a plane that

is perpendicular With the surface of the underlying substrate

Width Whereby ferromagnetic material is incorporated.

[0073] FIG. 10 addresses an inductor of the invention
Whereby a conventional horiZontal spiral inductor is com
bined With a vertical spiral inductor of the invention

[0058] FIG. 4 is a right hand extended three-dimensional
vieW of the vertical inductor of the invention With a large
conductor Width.

Whereby the horiZontal inductor is located in the plane of the
top layer of the vertical inductor, as folloWs:

[0059] FIG. 5 is a right hand extended three-dimensional
vieW of the vertical inductor of the invention With a large

[0074] FIG. 10a shoWs a three dimensional expanded
right hand vieW of an inductor of the invention Whereby a
horiZontal spiral inductor is connected in series With a

conductor Width Whereby ferromagnetic material is incor

porated.
[0060] FIG. 6 addresses a vertical inductor of the inven
tion Whereby tWo vertical spiral inductors are connected in
series, as folloW:

[0061] FIG. 6a is a right hand extended three-dimensional
vieW of vertical inductor of the invention Whereby tWo
vertical spiral inductors are connected in series.
[0062] FIG. 6b shoWs a top vieW the vertical inductor of
the invention Whereby tWo vertical spiral inductors are
connected in series.
[0063]

FIG. 6c shoWs a cross section in an X-direction of

the vertical inductor of the invention Whereby tWo vertical
spiral inductors are connected in series.
[0064]

FIG. 6a' shoWs a cross section in an Y-direction of

the vertical inductor of the invention Whereby tWo vertical
spiral inductors are connected in series.

[0065] FIG. 7 is a right hand extended three dimensional
vieW of vertical inductor of the invention Whereby tWo
vertical spiral inductors are connected in series Whereby

furthermore ferromagnetic material is incorporated.

vertical spiral inductor Whereby furthermore the horiZontal
inductor is located in the plane of the top layer of the vertical
inductor.
[0075]

FIG. 10b shoWs a cross section taken in an X-di

rection in a plane that is perpendicular With the surface of the
underlying substrate of an inductor of the invention Whereby
a horiZontal spiral inductor is connected in series With a

vertical spiral inductor Whereby furthermore the horiZontal
inductor is located in the plane of the top layer of the vertical
inductor.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0076] The process of the invention Will be highlighted by
concentrating on the geometric and constructional details of
the creation of the inductor of the invention. Processing
steps that are required to implement these structural details
Will not be highlighted for reasons of simplicity While in
addition these processing steps are Well established in the
art. Among these processing steps are steps of depositing

layers of dielectric and the patterning and etching of open
ings in these layers of dielectric Whereby these openings are
aligned With underlying patterns. To include these process
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ing steps in the description of the inventions Would require
the entry of state of the art conditions of deposition, pat
terning and etching that Would make the current document
unnecessarily cumbersome While not providing added value
that relates to the process of the invention.

[0077]

Referring noW speci?cally to FIG. 2, FIGS. 2a

through 2d address a vertical inductor of the invention that
uses small conductor Width.

[0078]

FIG. 2a is a right hand extended three-dimensional

[0084] 20‘ is the length of the loWer layer 22 of the
conductive material that forms the body of the induc
tor

[0085] 21‘ is the Width of the loWer layer 22 of the
conductive material that forms the body of the induc
tor

[0086] 22‘ is the ?rst of tWo connectors to the body of
the inductor

vieW of the vertical inductor of the invention With a small
conductor Width.

[0087] 23‘ is the second of tWo connectors to the body
of the inductor

[0079]

[0088] 24‘ is the thickness of the conductive material
that forms the body of the inductor

In order to facilitate the folloWing discussions, the

familiar concept of three-dimensional Cartesian coordinates
is brie?y discussed With an emphasis on hoW these coordi
nates Will be used for the subject discussion. The Cartesian
coordinates as used herein have three axis, the X, Y and
Z-axis Whereby the angle betWeen each of the three axis and
the other tWo axis is 90 degrees. The X and Y axis are in a

plane that is parallel With the surface of the substrate on
Which the inductor Will be formed, the Z axis is therefore
perpendicular to the plane of the substrate. The three axis of
the Cartesian coordinates intersect in one point, Which is
considered the geometric center of the Cartesian coordi
nates.

[0080] Where the spiral of the Prior Art inductor that has
been shoWn in FIG. 1 is contained in a plane that is parallel
to the surface of the substrate, the spiral of the inductor of
the invention is in a plane that is perpendicular to the surface
of the substrate. This means that the body of the inductor has

been rotated by 90 degrees, Which alters the meaning of the
concept of inductor height that has been highlighted in FIG.
1 for the Prior Art inductor. That parameter of FIG. 1 noW

becomes, due to the 90 degrees rotation of the plane of the
inductor, the thickness of the layer of conductive material
that is used to create the inductor. This Will become apparent
by a close examination of the three dimensional vieW of the
inductor of the invention that is shoWn in FIG. 2a. The three
Cartesian coordinates that have previously introduced are
shoWn in the loWer left-hand corner of FIG. 2a. It is readily
apparent from FIG. 2a that a cross section of the inductor
taken in a plane that is parallel to the Y-Z plane indicates the

spiral form of the inductor of the invention Whereby the
spiral is in a plane that is perpendicular to the surface of the
substrate. The surface of the substrate on Which the inductor

is being formed is parallel With the plane in Which the X-Y
axis resides.

[0081]

The parameters that are of importance to the three

dimensional vieW that is shoWn in FIG. 2a are the folloW

ing:
[0082] the horiZontal conductors of the vertical spiral
inductor have been numbered using even numbers,

starting With the loWest layer and starting With the
number 22, these horiZontal conductors are therefore

in sequence conductors 22, 24, 26, 28, 30, 32 and 34

[0089] 25‘ is the distance betWeen adjacent layers of
conductive material, and
[0090] 26‘ is the dielectric that is deposited betWeen
the adjacent layers of conductive material.
[0091] The layer 22 is the ?rst layer that is created in a
layer of dielectric. The technology that is used to create layer
22 is the conventional technology that is used to create
interconnect lines in a layer of dielectric. Layer 22 may be
created directly on the surface of a substrate or may be

created on the surface of a layer of dielectric (not shoWn in
FIG. 2a) that has ?rst been deposited on the surface of a

substrate. If a layer of dielectric is deposited before the layer
22 is formed in a second layer of dielectric, the body of the
inductor is further removed from the underlying silicon
substrate thereby reducing resistive losses that are suffered
by the electromagnetic ?eld of the inductor. This reduction
is hoWever not as pronounced as a similar reduction that can

be achieved for the inductor of Prior Art since the electro
magnetic ?eld of the inductor of the invention that is shoWn
in FIG. 2a is essentially parallel to the surface of the
underlying substrate and therefore does not intersect to a

signi?cant degree With that surface.
[0092] Of importance to the process of the invention is the
creation of the ?rst or loWest layer of the connecting vias 21
and 31. After layer 22 has been formed as indicated above,
a second layer of dielectric is deposited over the surface of

layer 22, this second layer of dielectric is patterned such that
openings for the loWer sections of the connecting conductors
21 and 31 (on both extremities of the layer 22 and covering
the layer 22 over its Width 21‘) are formed in the second
layer of dielectric. The second layer of dielectric has a

thickness that essentially equals the distance 25‘ betWeen
layer 22 and the overlying layer 24. The process is then
continued by the deposition of a third layer of dielectric, this
third layer of dielectric as patterned and etch creating
openings for layer 24 and for extensions of the connecting
conductors 21 and 31 that overlay the ?rst openings that
have been created in the second layer of dielectric for the
connecting conductors 21 and 31. This process is repeated,

creating increasingly smaller openings for the horiZontal

inductor, also referred to as the connecting conduc
tors, have been numbered using uneven numbers,
starting With the left most conductor and starting

conductors. The spiral shaped body of the inductor can in
this manner be created, after the level of the spiral of the
inductor that is created in this manner is higher than the
center of the spiral of the inductor, the horiZontal conductors
increase in siZe to form the upper part of the spiral, all the

With the number 21, these horiZontal conductors are

While creating overlaying openings for the connecting con

therefore in sequence conductors 21, 23, 25, 27, 29,

ductor vias. Input/output connectors 22‘ and 23‘ are created
in similar manner and in the desired locations of the inductor

[0083] the vertical conductors of the vertical spiral

and 31

