| NTEGRATED VERTI CAL SPI RAL | NDUCTOR ON SEM CONDUCTOR MATERI AL BACKGROUND
OF THE INVENTION (1) Field of the Invention The invention relates to the
fabrication of integrated circuit devices, and nore particularly, to a
met hod and structure for creating a high Q inductor while simultaneously
reduci ng the surface space that is consuned 10 by such an inductor. The
inductor of the invention is a spiral inductor that is positioned in a
plane that is perpendicular to the plane of the substrate on which the
conductor is created. 15 (2) (2) Description of the Prior Art Mdern
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sem conduct or devices that are produced at conpetitive prices. A direct
result of these requirenents is that device density and inter-device 20
packagi ng density continue to increase fromwhich directly follows the

requi rement that the surfacsagReROUND SPRCEHE thatENTIORvVal | abl e on the
surface of a sem conductor substrate is carefully allocated and naxi m zed
inits use. 1 Wiile the magjority of sem conductor devices relate to

5 (1) Field of the Invention
The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method and
structure for creating a high Q inductor while
simultanecusly reducing the surface space that is consumed

10 by such an inductor. The inductor of the invention is a
spiral inductor that is positioned in a plane that is
perpendicuiar to the plane of the substrate on which the

conductor is created,

15 (2) (2) Description of the Prior Art
Modern semiconductcr technology reguires 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

20 packaging density continue to increase from which directly
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.




the field of digital data processing, electronic circuitry can
neverthel ess be divided into two broad fields. One field addresses digital
processing while the second field 5 addresses the nmanipul ation of anal og
signals. Digital sem conductor devices have as function the manipul ation
or storage of digital information. The functions of analog electronic
circuitry have in previous years typically been handled by separate
conponents such as relatively large 10 capacitors or relatively |large

i nductors. The separate conponents nmay have been applied in conbination

with digital progessd nheL 3Rkl 88, SUREEERN, OYLVERLy Be S PikiCRR
portion of the functional inplenentation has been realized by the use of
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functionally collaborating wth the digita nponent's. rcu
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Wth theEg addresses the manipulation of analog signals. Digital
semiconductor devices have as function the manipulation or
storage of digital information. The functions of analog
electronic circuitry have in previous years typically been
handled by separate components such as relatively large

10 capacitors or relatively large inductors. The separate
compenents may have been applied in combinaticon with
digital processing capabilities, whereby however a
significant portion of the functional implementation has
been realized by the use of for instance capacitive and

15 inductive components in addition to and functionally
collaborating with the digital components. 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

20 semiconductor integrated circuit devices.

Modern mobile communication applications center

around compact high-frequency equipment. With the



continued inprovenents in the performance characteristics of this

equi pnent, continued enphasis wll be placed on small size of the

equi pnent, | ow power consunption, increased frequency applications and | ow
noi se levels. 5 Sem conductor devices are used in the field of nobile
comuni cation for the creation of Radio Frequency (RF) anplifiers. A major
conponent of a typical RF anplifier is a tuned circuit that contains

i nductive and capacitive conponents. The tuned circuit has as el ectrical

10 characteristic that, dependent on and determined by the values of its

i nductive and,gapatdd ii%gHOURRAEAL $5 LAY %éﬁ&ﬁhém%%eﬁéh&é

frequency dependent, which enables the tuned circuit to either forma high

or a low i medance Jor; iegnal 5oAt; A.C8T LA IILUANCKe L RS GA5 manner

the tuned circult can reject or pa anplTfy conponents

of an anal o i.gnal. bhas n _the freguency of that co nent. The tuned
circuit can%H%#gTelgFé %gt§§e8q3§pge?grtg?%t%PW?ﬁt%ﬁnﬁﬁﬁﬁﬁ§PnYennve signal s
of certain fyequencies or to renovgénoise froq& 20 circuiit configuration
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be used to forma high electrical inpedance by using the LC resonance of
t he 5 Semiconductor devices are used in the field of mobile

communication for the creation of Radio Frequency (RF)
amplifiers. A major component of a typical RF amplifier is
a tuned circuit that contains inductive and capacitive
components. The tuned circuit has as electrical

10 characteristic that, dependent on and determined by the
valueg of ite 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

15 manner the tuned c¢ircuit can elther 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 filter to filter out or remove
signals of certain frequencies or to remove noige from a

20 circuit configuration that is aimed at manipulating analog
gsignals. The tuned 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



circuit and to thereby counteract the effect of parasitic 3 capacitances
that are part of a circuit. The self- resonance that is caused by the
parasitic capacitance between the (spiral) inductor and the underlying
substrate wll Iimt the use of the inductor at high frequencies. 5 One of
t he key conponents that is applied in creating high frequency anal og

sem conduct or devices is the inductor that forns part of a LC resonance
circuit. The key challenge in the creation of the inductor is to 10
mnimze the surface area that is required for the creation of the

i nductor whi dg, J@iRidd 9.2 RirghpQrvabees Eorotfte inpluciaqr. Conventional
i nductors that are created on the surface of a substrate are of a spiral
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or are creaﬂ@dgaéjﬁngF ebuggnﬁ ngh?s}nguctor at high frequencies.

5
One of the key components that is applied in_creating

high frequency analog semiconductor devices is the
inductor that forms part of a LC resonance circuit. The
key challenge in the creation of the inductor is to

10 minimize the surface area that is required for the
creation of the inductor while maintaining a high Q wvalue
for the inductor. Conventional inductors that are created
on the surface of a substrate are of a spiral shape,
whereby.the spiral is created in a plane that is parallel

15 with the plane of the surface of the substrate.
Conventional methods that are used to create the ianductor
on the surface of a substrate suffer seve;al limitations.
Most high Q inductors form part of a hybrid device
configuration or of Monolithic Microwave Integrated

20 Circuits (MMIC’s) or are created as discrete components,
the creation of which is not readily integratable into a

typical process of Integrated Circuit manufacturing.



the creation of which is not readily integratable into a typical process
of Integrated Circuit manufacturing, 4 By conbining the creation on one

sem conductor nonolithic substrate of circuitry that is ainmed at the
functi on of anal og data mani pul ati on and anal og data storage with the
functions of digital data manipulation 5 and digital data storage, a nunber
of significant advantages are achieved. Such advantages include the
reducti on of manufacturing costs and the reduction of power consunption by
t he conmbi ned functions. To reach required inductive values for particul ar

appl i cat  ons. 10 ,1duGhoLs AR ke oL .51 ap! () cal PINSLGAL, Ske and can

therefore require a signi nt surface area sem conduct or

substrate. To | iyt .thig.i t of space.. requirenent,. inductors are
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spiral formgf the 15 inductor -however.re uéts in parasitic _capacitances
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physi cal size of the.iq?q&%g&. These parasitic _ capacitances have a serious
fuarre

negative ef fERTHIF t'He MOREPEY Bf thel bR bR REHRIGE Ly sharply

5 and digital data storage, a number of significant
advantages are achieved. Such advantages include the
reduction of manufacturing costs and the reduction of
power consumption by the combined functions. To reach
required inductive values for particular applications,

10 inductors can be of significant physical size and can
therefore require a significant 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

15 inductor however resultsg in parasitic capacitances between
the inductor 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

20 reducing resonance frequency of the tuned circuit of the

application.



20 reduci ng resonance frequency of the tuned circuit of the application. 5
Wdely used in the industry to describe the applicability of a created

i nductor is the Quality (Q factor of the inductor. The quality factor Q
of an inductor is defined as follows: Q = Es/El wherein Es is 5 the energy
that is stored in the reactive portion of the conponent while El is the
energy that is lost in the reactive portion of the conponent. The hi gher
the quality of the conponent, the closer the resistive value of the
conponent approaches zero while the Q factor of the 10 conponent approaches

infinity. The qual. tor .for, conponents differs. . fr the quality that
is associ ated w%%lhé%}{ t%%regJL ot Fggoﬁg 8?’2?ng? %%%ro:r?e%?cgq,e the quality
factor serves . a.neasure of the purity of the, reactance . (or, the
susceptance)agéfﬁﬁﬁggi oﬁgnﬁ,qﬁﬁﬁgﬁdcéﬁdﬁﬁtﬂﬁ Hegriduédt t dPar asi ti cs.
In an actual _configuration, . there are always sone physical resistors that
will dissi p%ﬁ‘%t%\&etrj e erdhirtaEcr £88i ARt heY pbRR Ok At &% be  recover ed.
The quality factor Qis dinensionless. A Q value of greater than 100 is
consi der ed V%g@uqﬁ%ﬁ]qqndeflned as follows: Q = Es/El wherein Es is

5 the energy that is stored in the reactive portion of the
component while El is the energy that is lost in the
reactive portion of the compenent. The higher the quality
of the component, the c¢loser the resistive value of the
component approaches zero while the Q factor of the

10 component approaches infinity. The quality factor for
components differs from the guality that is associated
with filters or resonators. For components, the quality
factor serves as a measure of the purity of the reactance
(or the susceptance) of the component, which can be

15 degraded due to parasitics. In an actual configuration,
there are always some physical resistors that will
dissipate power, thereby decreasing the power that can be
recovered. The quality facter Q is dimensionless. A Q
value of greater than 100 is considered very high for

20 discrete inductors that are mounted on the surface of
Printed Circuit Boards. For inductors that form part of an
integrated circuit, the Q value ig typically in the range

between about 3 and 10.



20 discrete inductors that are nmounted on the surface of
Boards. For inductors that formpart of an integrated c
is typically in the range between about 3 and 10. 6 In
i nductor on a nonolithic substrate on which additional
devices are created, the parasitic capacitances that oc
creation I|imt to about 10 the quality factor that can
t he inductor using the conventional silicon process. Th
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5 for the inductor using the conventional silicon process.

This limitation is, for many applications, not acceptable.

Dependent on the frequency at which the LC circuit is

designed to resonate, significantly larger values of

quality factor, such as for instance 100 or more, must be

10 avallable. Prior Art has in 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 advantages

that can be

obtained when using the monolithic construction of

15 creating both the inductor and the gsurrounding devices on

one and the same semiconductor substrate. The
monclithic approach also has the disadvantage

additional wiring is required to interconnect

non-

that

the sub-

components of the assembly, thereby again introducing

20 additional parasitic capacitances and resistive logses

over the interconnecting wiring network. For many of the

applications of the RF amplifier, such as portable battery

powered applications, power consumption ig at

a premium



additional wiring is required to interconnect the sub conponents of the
assenbly, thereby again introducing 20 additional parasitic capacitances
and resistive | osses over the interconnecting wiring network. For nany of
the applications of the RF anplifier, such as portable battery powered
applications, power consunption is at a premum?7 and nust therefore be as
| ow as possible. By raising the power consunption, the effects of
parasitic capacitances and resistive power |oss can be partially
conpensated but there are Iimtations to even this approach. These 5
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applications such as portable nes
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nDnollthlc |nductors have been
problems take on even greater urgency with the rapid

expansion of wireless applications such as portable
telephones and the like. Wireless communications is a
rapidly expanding market, where the integration of RF
integrated circuits is one of the most important

10 challenges. One of the approaches is to significantly
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 significantly degraded. For applications in

15 this frequency range, monolithic inductors have been
researched using other than gilicon 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

20 capacitance than their silicon counterparts and therefore
provide higher frequencies of resonance of the LC c¢ircuit.
Where however more complex applications are required, the

need still exists to create inductors uging silicon as a



researched using other than silicon as the base for the «creation of the

i nductors. such nonolithic inductors have for instance been created using
sapphire or GaAs as a base. These inductors have a considerably | ower
parasitic 20 capacitance than their silicon counterparts and therefore
provi de higher frequencies of resonance of the LC circuit. Were however
nore conpl ex applications are required, the need still exists to create

i nductors using silicon as a 8 substrate. For those applications, the
approach of using a base material other than silicon has proven to be too

cunber some whih & fare | W@%%s@agepaiﬁgt% Lum @r?@%a %a:“ 3§ft0 e

sem conduct or devices is as yet echnical "5 chal nee
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The incorporation of RF inductors without sacrificing
device performance due to substrate losses has been
extensively researched in recent years. Some of the

10 techniques that have been used for this approach include:
- the selective removing (by etching) of the silicon
underneath the inductor (using metheds of micro-

machining) thereby removing substrate parasitic effects
- using multiple layers of metal (such as aluminum)
15 interconnects or of copper damascene interconnects
- using a high resistivity silicon substrate thereby
reducing resistive losses in the silicon substrate,
since resistive substrate losses form a dominant factor
in determining the Q value of silicon inductors
20 - using metals that are particularly adaptable to the
process of the formation of inductors, a concern is
thereby however raised by the use of AlCu (a metal that

is frequently used in semiconductor metallization) since



is interconnects or of copper damascene interconnects - using a high
resistivity silicon substrate thereby reducing resistive |osses in the
silicon substrate, since resistive substrate |osses forma dom nant factor
in determning the Q value of silicon inductors 20 - using netals that are
particularly adaptable to the process of the formation of inductors, a
concern is thereby however raised by the use of AICu (a netal that s
frequently used in sem conductor netallization) since 9°5°6EPBBEr<9%b4 Al Cu
has hi gher resistivity than gold (Au) netallization that is frequently

-~ used in GaAs t n e ' I RS er t iral.

conduct or ins§%§$g%£%§?% u§9¥§%g§98$8%§fp%?heagggo&n ﬁ§$ﬁ§§é¥§%§ﬁi§ ween
t he spiral indgﬁggrian ékﬁé iﬂicon(fubs rate gnd creating an active
i nducti ve conponent T hatc St 65 % HE Sréct FFEATCHPPherti es of an
inductor as it is 9\.)Zf]]?liepl in_active circuitrg; t hi s approach however 10
results in Hi gR™pb T IMRIRS i 1y WRETRRaGEL Br SRFER oMY Der f or mance

that is unacceptable for |ow power,
- 1lnserting various types of patterned ground shields

5 between the gpiral inductor and the silicon substrate,
and
- creating an active inductive component that simulates
the electrical properties of an inductor as it is
applied in active circuitry; this approach however
10 results in high power consumption by the inductor and in
noise performance that is unacceptable for low power,

high fregquency applications

The above listing of researched alternatives is not
15 meant to be complete or all inconciusive. The above
approaches have as common chijectives to:
1) enhance the quality (Q) wvalue of the inductor
2} increase the frequency of the LC self-rescnance
thereby increasing the frequency range over which the
20 _ inductor can be used, and
3) reduce the surface area that is required for the

creation of the inductor.

10



hi gh frequency applications The above listing of
not 15 nmeant to be conplete or all inconclusive. The above approaches

have as common objectives to: 1) enhance the quality (Q value of the

i nduct or

2)

i ncrease the frequency of the LC self-resonance thereby

researched alternatives

is

i ncreasing the frequency range over which the 20 inductor can be used, and
3) reduce the surface area that is required for the creation of the

i nduct or.

i nduct or

10 The inductor of the invention addresses the objectives that
have been |isted above and provides for a nethod of creating an inductor
that sharply reduges . surface, area that is ui red for the inductor.
The nmethod 5 of tﬁ?e'fﬂa%Ctor ¢ %h?eéngegg%??c #é%;ﬁﬁ%ﬁ qhﬁauctor, whi ch
has performance charact ris%ﬁcs hat ?iffe sha&gu¥(£r0n1,the %erfornance
char act er i stYeETHET ypicca ' t5% i

that is parallel wt the surface of the substrate. The vertical spiral
10 %?teft‘?%n Cig:

e Irnvent1on Crea

2% PSFR T hdbet ofOPH RVACES

VEREITdR9uS8s TRHFFEAT bRl et lof TRAMIGSSe VB

interconnect to create the return patterns of the spiral,

10

15

20

surface area that is required for the inductor. The method
of the invention creates a wvertical spiral inductor, which
has performance characteristics that differ sharply from
the performance characteristics of a typical spiral
inductor that is created in a plane that is parallel with
the surface of the substrate. The vertical sgpiral inductor
of the invention uses current processes of multilevel
interconnect to create the return patterns of the spiral,
the return patterns are vertical with respect to the plane
of the surface of the substrate. The electromagnetic field
of the vertical return sections of the gpiral inductor
limit the resistive losses that are typically obtained in
the silicon substrate since the electromagnetic f£ield 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 teo its vertical construction, that is vertical

with respect to the plane of the surface of the substrate.

11
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the return patterns are vertical with respect to the plane of the surface
of the substrate. The el ectromagnetic field of the vertical return
sections of the spiral inductor 15 limt the resistive |losses that are
typically obtained in the silicon substrate since the el ectromagnetic
field 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 20 required for the creation of the inductor is
sharply reduced due to its vertical construction, that is vertical wth
respect to the_plane_of.the surface of the suhstrate. 11.Fig. |a shows a
top view of a 5?$0r§3r§hﬁ%?i%o%?%IVl%%ngﬁiﬁﬁﬂﬁ%i%F%2§9r§6 t%i the design
parameters of , canductor 25 _are highlighted as follows: - 10 is the body of
the i nduct or “BiHef coft A% 2Con§TEEi 9& CBEn@E Bt 9 PAPREHTe %dxtrenity of

t he conductiv%gfod 10 of the  inductor 25 and is, for conveni ence sake and
arbitrarily, SPET¥ 2 S tHEMPBEGPRRFANGS0f Ot He¥S conduct i ve body 10 of the

i nductor 10 - 12 is a conductive connector that connects to the
- 10 is the body of the inductor and contains a conductive

5 material

1t

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
conductive body 10 of the inductor
10 - 12 is a conductive connector that connects to the
beginning 11 of the conductive body 10 of the inductor
25,
- 13 is the opposing extremity of the conductive body 10 of
the inductor 25 and will be referred to as the end of
15 the conductive body of the inductor
- 14 is a contact via that interconnects metal strip 12
with the conductive body 10 of the inductor
- 16 is the spacing between the spirals of the conductive
body 10 of inductor 25
20 - 18 is the width of the spirals of the conductive body 10

of inductor 25

12



begi nning 11 of the conductive body 10 of the inductor 25, 13 is the
opposi ng extremty of the conductive body 10 of the inductor 25 and wl|
be referred to as the end of 15 the conductive body of the inductor - 14 is
a contact via that interconnects netal strip 12 wth the conductive body
10 of the inductor - 16 is the spacing between the spirals of the
conductive body 10 of inductor 25 20 - 18 is the wwdth of the spirals of
t he conductive body 10 of inductor 25 12 - 20 is the length of the |ongest
spiral of the conductive body 10 of inductor 25, and - 22 is the length of
the shortest spiral of the conductjve. body 10 of jinductor 25. 5 The top
vi ew of the Pr Oorls’Art'(r?“ei &Egttgr OLFJhE S %OE‘WB%B FRira: F £hs RBEYShOVR i n
order to highlight in extensive detail all the paraneters that can be
associ ated wit RPA¥ueR ah FRAUCESF Pt dhtely serves to point out the 10
essence of the Prior Art inductor, that is:

- 22 is the length of the shortest spiral of the conductive

body 10 of inductor 25.

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
10 esgence of the Prior Art inductor, that is:
- the geometric shape of the inductor is that of a spiral
- 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
15 spacing
- the spiral that forms the inductor ends in two
extremities, the inductor is electrically interconnected
to surrounding circuitry by being connected to these two
extremities, and
20 - the body of the inductor is contaihed in a plane that is
parallel to the plane of the surface of the substrate on

which the inductor is created.

13



- the geonetric shape of the inductor is that of a spiral - the individual
sections that nake 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 15 spacing - the spiral that forns the inductor ends in two extremties,
the inductor is electrically interconnected to surrounding circuitry by
bei ng connected to these two extremties, and 20 - the body of the

i nductor is contained in a plane that is parallel to the plane of the
surface of the substrate on which the inductor is created. 13 Not shown in

Fig. 1is the heiogbtonph £aCk;of ihﬁslﬂH@@{eig%%gg%nggghhek crLlegctdyely form
the body of the inductor 10, this height can be defined as the thickness

o TSR S1E0, s depostind ol imputd eg Shdlecp

substrate f he formation o ower surface o

navcter 5 A0S G SRR s BICUER b Uptohe AN g L Surace o
upper surfage of g hndustos s thg surface of the inductor. ...

5 substrate for the formation of the inductox. 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

10 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

15 of the inductor. A cross 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 Prioxr Art is essentially the same along the spiral of

20 the inductor.

US 5,936,298 (Capocelli coil. teaches process for a

Helix coil.
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10 that is parallel to the surface of the substrate and that is furthest
renmoved fromthe surface of the substrate. The distance between the upper
surface and the | ower surface of the inductor as neasured in a direction
that is perpendicular to the plane of the substrate is the height 15 of
the inductor. A cross section of the inductor that is taken in a plane
bet ween the upper and the |l ower surface of the inductor shows the
geonetric shape of the inductor, which is the shape of a spiral. The

hei ght of the inductor of Prior Art is essentially the sane along the
spiral of 20 the_inductor. US 5,936,298 (Capocelli coil. teaches process
for a Helix coil U84 335 55F6, E809( LEhgYCOREacRid of 2l Fadtianc REPERSPr ocess

of inductors on sem conductor chip, shows a vertical coil. See Figs. 3e
t hr ough 4c. Af SR HQGK Boidenjicordacesrechbp USEOBY 2 987 LiSgddcar) - -
Met hod for fabricating a vertical trench inductor, shows a vertical trench
coil procesSee USHs 8889FhroBahgHhar.t 2lset aahe)ixhowst andtther cote.verti cal
coil process.

5 US 5'372,967 (Sundram) - Method for fabricating a

vertical trench inductor, shows a vertical trench coil

process.

US 5,884,990 (Burghartz et al.) shows another

10 vertical coil process.
SUMMARY OF THE INVENTION

A principle objective of the invention is to reduce
15 the surface area that is reguired for the creation of an
inductor on the surface of a gilicon semiconductor

substrate.

Another objective of the invention is to create an
20 inductor on the surface of a gilicon semiconductor
substrate whereby the electromagnetic field of the
inductor has sharply reduced resistive loéses induced by

the underlying substrate.

15



SUMMARY COF THE | NVENTI ON A princi ple objective of the inventionis to
reduce 15 the surface area that is required for the creation of an

i nductor on the surface of a silicon sem conductor substrate. Another
objective of the invention is to create an 20 inductor on the surface of a
silicon sem conductor substrate whereby the el ectromagnetic field of the

i nductor has sharply reduced resistive | osses induced by the underlying
substrate. 15 In accordance with the objectives of the invention a new

met hod and structure is provided for the creation of an i nductor on the

surface of a sil 'ﬁprss&%[?a%%%%% SHUOSLIBLEL Ibd HELOL s g gPi vl

desi gn, whereby t ane of a cross se |on 0 uctor 't

reflects the n.of the inductor p di cular .to the plane
of the under?ylnjggt stra etmi'lﬁ"tt fr &F gﬁﬁgﬁg%% f %fq“?ﬁgQ%%ﬂﬁﬁlg

provi des a net hod. of creating a vertical i nductor with thin
conduct or wi &t H-"FHE FesBhd S@ﬁ%88?nﬁﬁt og { e M GBSV des a

nmet hod of crqulqg a vertical spiral inductor_ wth thin conductor wi dt h
subst ate The inductor is of spiral design, whereby the

5 plane of a cross section of the inductor that reflects the
spiral design of the inductor ig perpendicular to the
plane of the underlying substrate. The first embodiment of
the invention provides a method of creating a vertical
spiral inductor with thin conductor width. The second

10 embodiment of the invention 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 gpiral

15 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 creation of
the inductor. The fifth embodiment of the invention

20 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

16



whereby ferromagnetic material is incorporated in the creation of the

i nductor. The third enbodi nent of the invention provides a nethod of
creating a vertical spiral 15 inductor with wi de conductor w dth. The
fourth enbodi nent of the invention provides a nethod of creating a
vertical spiral inductor with wi de conductor w dth whereby ferronmagnetic
material is incorporated in the creation of the inductor. The fifth
enbodi ment of the invention 20 provides two vertical spiral inductors that
are connected in series. The sixth enbodi ment of the invention provides
two verti calcxgatrian iafdideornsdulsabrar 8heonaeet el ¢mbgbmieas ofhéheby
ferromagnetic material is incorporated in the 16 creation of the inductor.
The sevent h anbodiimentprafvitdes fiomvehti onept b deS 4 oredthieadr eptirah of a
vertical spiral inductor that has a construction of protruding spirals.

The ei ghth ervbidivmntiioft Hhe anvenktoQcpioni deSpfeiridiend sgrieatiison of a
vertical spiral inductor that is conbined wth a horizontal spira

i nduct or wherebye fpidromRMRetientMBEethal $nd&gt i HeasRAralad dor the creation

of the vertical inductor whereby the horizontal spiral inductor is

overlayimg thespmerdd G =SRid@lhndupt sl THeuAEM hthat 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

10 embodiment of the invention provides for the creation of &

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 in the plane of

15 the top surface of the vertical spiral inductor.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a top view of a Prior Art horizontal

20 spiral conductor,.

Fig. 2 addresses a vertical inductor of the invention

that uses thin conductor width, as follow:

17




10 enbodi nent of the invention provides for the creation of a vertical
spiral inductor that is conbined with a horizontal spiral inductor whereby
ferromagnetic materials are incorporated in the creation of the vertica

i nductor whereby the horizontal spiral inductor is in the plane of 15 the
top surface of the vertical spiral inductor. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fig. 1 shows a top view of a Prior Art horizontal 20 spira
conductor. Fig. 2 addresses a vertical inductor of the invention that uses
t hi n conduct or mﬁdth as follow 17 Fig. 2a is a right hand extended

thr ee- di mensi onale, ) e afs Whesuett hah Lodushor af-dhelpventign wiih a

smal | conduct or MA shows a top view e ver i cal” 1nductor of

Fhe i nvenf“ gprtg% t& achsen%lert(i%? ugt 8uc ocIt Qf tlﬁg vensc 10 Iw&rt%%r gss section

inan Y-dir i'on of the vertical i uct Br i hve With a snal

10 conduct or q:h ndﬁ%tox Eggs a cross section in a Z-direction of the
vertical inductor of nvéAtion with a small conduct or

5 Fig. 2b shows a top view the vertical inductor of the

invention with a small conductor width.

Fig. 2c shows a cross gection in an Y-direction of
the vertical inductor of the invention with a small

10 conductor width.

Fig. 2d shows a crogs section in a Z-direction of the

vertical inductor of the invention with a small conductor

width,
15
Fig. 3 addresses a vertical inductor of the invention
that uses small conductor width whereby furthermore
ferromagnetic material is incorporated, as follow:
20 Fig. 3a is a right hand extended three-dimensional

view of the vertical inductor of the invention with a
small conductor width whereby ferromagnetic material is

incorporated,

18



width. 15 Fig. 3 addresses a vertical inductor of the invention that uses
smal | conductor wi dth whereby furthernore ferromagnetic material is

i ncorporated, as follow 20 Fig. 3a is a right hand extended

t hree-di nensional view of the vertical inductor of the invention with a
smal | conductor w dth whereby ferromagnetic material is incorporated. 18
Fig. 3b shows a top view the vertical inductor of the invention with a
smal | conductor wi dth whereby ferronmagnetic material is incorporated. 5
Fig. 3c shows a cross section in an X-direction of the vertical inductor
of the invention with smal |l  conductor w dth whereby ferromagnetic
material is incdrigbr deFIONE B §OP3ULERoMRE aveF ke s dctqusit Gtn Canthe
Y-direction of the vertical inductor of the invention with a small

conduct or wi tRFERHETEM: Fedr fagReCPBRIRAE Y| WidF whew®dnporated. 15 Fig. 4

is a right hand extended three-di nensional
ferromagnetic material is incorporated.

5 Fig. 3c¢ shows a cross section in an X-direction of
the vertical inductor of the invention with a small
conductor width whereby ferromagnetic material is

incorporated.

10 Fig. 3d shows a cross section in an Y-direction of
the vertical inductor of the invention with a small
conductor width whereby ferromagnetic material is

incorporated.

15 Fig., 4 is a right hand extended three-dimensional
view of the vertical inductor of the invention with =a

large conductor width.

Fig. 5 is a right hand extended three-dimensional
20 view of the vertical inductor of the invention with a
large conductor width whereby ferromagnetic material is

incorporated.
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view of the vertical inductor of the invention with a |arge conductor
width. Fig. 5is a right hand extended three-di nensional 20 view of the
vertical inductor of the invention with a |arge conductor w dth whereby
ferromagnetic material is incorporated. 19 Fig. 6 addresses a verti cal

i nductor of the invention whereby two vertical spiral inductors are
connected in series, as follow. 5 Fig. 6a is a right hand extended

t hree-di nensional view of vertical inductor of the invention whereby two
vertical spiral inductors are connected in series. Fig. 6b shows a top view

the vertical induygtpr £0f;dhesslQ hn\ﬁg?gigg%\'\gﬁ&@é}c}bf VW g ii?l@f!en%@{aﬁal

i nductors are conriected I n series. OWS a Cross section In an

X-direction gf é%yaﬁggwg Gal; JRd of _the_ invention wherehy.two 15
verti cal spiré?fl ductors aﬁgaco%%%g%%dl?%u%%$¥%§?m%fﬁgugﬁt§ oWS a cross
section in an Y-direction,of ~the vertical inductor of the invention

les, Wi X .
wher eby two verti‘cal sprral 'i nductors are connected in series.

5 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.

Fig. 6b shows a top view the vertical inductor of the
16 invention whereby two vertical spiral inductors are

connected in series.

Fig. 6c shows a cross section in an X-direction of
the vertical inductor of the invention whereby two

15 wvertical spiral inductors are connected in series.

Fig. 6d shows a cross section in an Y-direction of
the vertical inductor of the invention whereby two
vertical spiral inductors are connected in series.

20
Fig. 7 is a right hand extended three dimensional

view of vertical inductor of the invention whereby two

20



20 Fig. 7 is a right hand extended three dinensional view of vertical

i nductor of the invention whereby two 20 vertical spiral inductors are
connected in series whereby furthernore ferronmagnetic nmaterial is

i ncorporated. Fig. 8 addresses an inductor of the invention whereby 5 the
spirals of the inductor protrude fromthe vertical plane of the inductor,
as follows: Fig. 8a shows an expanded three-di nensional front side view of
a vertical inductor of the invention whereby 10 the spirals of the inductor
progressively protrude from the body of the inductor. Fig. 8b shows an

expanded t hreereh dEnsiingli hacksides YreWe8indcved tif dlediRdUGHRR-0f, the
i nvention whereby the 15 spirals of the inductor progressively protrude

fromthe boglyrtfetdis-d N4t ALgnELY EQF%PQ&&; f‘scfﬁcsosr\ﬂ?]::{ag%e%r! in an

X-di mension of a vertical inddctor o e I nvention y the spirals of
20 the inductor progressively protrude fromthe body of the inductor. 21

Fig. 8 addresses an inductor of the invention whereby
5 the spirals of the inductor protrude from the vertical

plane of the inductor, as follows:

Fig. 8a shows an expanded three-dimensional front
side view of a vertical inductor of the invention whereby
10 the spirals of the inductor progressively protrude from

the body of the inductor.

Fig. 8b shows an expanded three-dimensional backside
view of a vertical inductor of the invention whereby the
15 spirals of the inductor progressively protrude from the

body of the inductor.

Fig. 8c shows a cross section in an X-dimension of a
vertical inductor of the invention whereby the spirals of
20 the inductor progressively protrude from the body of the

inductor.
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Fig. 9 addresses an inductor of the invention whereby a conventi onal

hori zontal spiral inductor is conbined wwth a vertical spiral inductor of
the invention whereby the horizontal inductor overlays the verti cal

i nductor, as 5 follows: Fig. 9a shows a three-dinensional expanded ri ght
hand view of an inductor of the invention whereby a horizontal spiral

i nductor is connected in series with a vertical 10 spiral.inductor. Fig. 9b
shows a cross section taken in a plane that is perpendicular with the
surface of the underlying substrate of an inductor of the invention
whereby a 15 horizontal spiral inductor is conpnected in series wth a
vertical spiral ifMductord F&?efoaadaPégg%%raﬁpi CEBETSE P ERPRERRAL i on
whereby a conventional horizontal spiral inductor is 20 combined with a
vertical spid ATt BR loflorR&ORRGENEPHRZ L W EHP% He KeMPiaREal 1 FRduct or
is located in the plane of the top layer of the vertical inductor, as
follows: 22 FiprioRlskpigad thdeetarnehstbhalnesipaimgedherghty thand vi ew of

an inductor of the invention whereby a
horizontal inductor overlays the vertical inductor, as

5 follows:

Fig. 9a shows a three-dimensicnal expanded right hand
view of an inductor of the invention whereby a horizontal
spiral inductor is connected in series with a vertical

1¢ spiral inductor.

"Fig. 9b shows a cross section taken in a plane that
is perpendicular with the surface of the underlying
substrate of an inductor of the invention whereby a

15 horizontal spiral inductor is connected in series with a

vertical sgpilral inductor.

Fig. 10 addresses an inductcr of the invention

whereby a conventional horizontal spiral inductor is
20 combined with a vertical spiral inductor of the invention
whereby the horizontal inductor ig located in the plane of

the top layer of the vertical inductor, as follows:
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hori zontal spiral inductor is connected in series with a vertical spiral

i nductor whereby furthernore the 5 horizontal inductor is |ocated in the
pl ane of the top |ayer of the vertical inductor. Fig. 10b shows a cross
section taken in an X- direction in a plane that is perpendicular with the
10 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 furthernore the horizontal inductor is

| ocated in the plane of the top |ayer of the vertical inductor. 15

DESCRI PTI ON OF THE JPREFERRERwEVBOPLVENTS: hbes Doose SScpinddee digwent i on wi | |
be highlighted by concentrating on the geonetric and constructi onal

details 20 fnd heiar eat 2N iglutReri BAUEHLAT i Rfed ol RN 4 Processi ng
steps that are required to inplenent these structural details will not be

hi ghl i ght ed Ao ZQASONSARra1SPBLICELEY 1 ¥hEbEnL P &61di ] iQN IReSA cRr geessi ng
steps are 23 well established in the art. Anong these processing steps are

steps of dep@§fé£é§l'§ﬁ$¥§i g%d@Eﬁbgc%ﬁggeﬁ9df&E%%ermore the

5 horizontal inductor is located in the plane of the top

layer of the vertical inductor,

Fig. 10b shows a cross section taken in an X-

direction in a plane that is perpendicular with the

10 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.

15

DESCRIPTICN OF THE PREFERRED EMBODIMENTS

The process of the invention will be highlighted by
concentrating on the geometric and constructional details
20 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

23



patterning and etching of openings in these |ayers of dielectric whereby

t hese openings are aligned with 5 underlying patterns. To include these
processing steps in the description of the inventions would require the
entry of state of the art conditions of deposition, patterning and
etching that woul d make the current document unnecessarily cunbersone while
not providing added value 10 that relates to the process of the invention.
Referring now specifically to Fig. 2, Figs. 2a through 2d address a
vertical inductor of the invention that uses small conductor width. 15
Fig. 2a is a rjght hand extended_ three-dinensional view of the vertical
nductor of ¥HeE | TRIGHLI OISR £F &PesRREr ABHORCHTSWRRIES SN S5FBEr 1 0
facilitate the follow ng discussions, the famliar concept of

t hr ee- di rrens?%%a?‘t%?tcé‘gi%Posd—ééPﬂi ravessi sfbiielsgigicanssddeni t h an
enphasis on how these coordinates will be used for the subject discussion.
24 The Cart eR?Errevdidiangt escadngsed heeainghave these lavieyrs ofhe X, Y and

Z- axi s whereby the angl e between each of the
dielectric whereby these openings are aligned with

5 underlying patterns. To include these processing steps in
the description of the inventions would require the entry
of state of the art conditions of deposition, patterning
and etching that would make the current document
unnecessarily cumbersome while not providing added value

10 that relates to the process of the invention.

Referring now specifically to Fig. 2, Figs. 2a
through 2d address a vertical inductor of the invention

that uses small conductor width.

15
Fig. 2a is a right hand extended three-dimensional
view of the vertical inductor of the invention with a
small conductor width.
20 In order to facllitate the following discussions, the

familiar concept of three-dimensional Cartesian
coordinates is briefly discussed with an emphasis on how

these coordinates will be used for the subject discussion.
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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 5 the substrate on which the

i nductor will be forned, the Z axis is therefore perpendicular to the

pl ane of the -substrate. The three axis of the Cartesian coordi nates
intersect in one point, which is considered the geonetric center of the
Cartesian coordinates. 10 Were 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

means that TRe Body or heordnarse fas pedrbefih drld STUETEES, ani cn
Pi gl ght ed T Fg ¥ F D2 ERa PRSP oYt CTRatersr e b araietdr CBF Fig. 1
nduct or .t NETITH CRHESET0r T TG, CBP CONEULE | U SSHRSA aPendt 1 used
to create the inductor. This_w |l _becone apparent by a _cl ose exam nation
of the three 7A*s are in a plane that 1s parallel with the surface of
5 the substrate on which the inductor will be formed, the Z
axis 1s therefore perpendicular to the plane of the
gubstrate. The three axis of the Cartesian coordinates
intersect in one point, which is considered the geometric
center of the Cartesian coordinates.
10
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
15 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
20 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
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di mensi onal 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
fromFig. 5 2a that a cross section of the inductor taken in a plane that
is parallel to the Y-Z plane indicates the spiral formof 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 10
i nductor is being fornmed is parallel with the plane in which the X-Y axis
resides. The_paranmeters that are of inportance to the three dinensional
vi ew t hat i sOEPRRML I Fivg e @ takde HBdRSteE| PEWHRY: INTRATS fdwtals
conductors of the vertical spiral inductor have been numbered using even
nunbers, st afRe¥Ry 1mikle t Ra .| Ghesthirgpefanhgs sear coondinates kdatunber 22,
these horizontal conductors are therefore in sequence 20 conductors 22, 24,
26, 28, 30, B@vearirssioutiy vgrttriodaicedondactsbosn ofnt tiee Viertsc alefspi r al
i nductor, also referred to as the connecting conductors, have been
nunber ed usimgndinsveremurbétisy,. Skar flitngswrehdi e dpfdremstirom Fig.
5 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

10 inductor is being formed is parallel with the plane in

which the X-Y axis resgides.

The parameters that are of importance to the three
dimensional view that is shown in Fig. 2a are the
15 following:
- 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
20 conductors 22, 24, 26, 28, 30, 32 and 34
-the vertical conductors of the vertical spiral inductor,
alsoc referred to as the connecting conductors, have been

numbered using uneven numbers, starting with the left most
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26 conductor and starting with the nunber 21, these horizontal conductors
are therefore in sequence conductors 21, 23, 25, 27, 29, and 31 - 20' is
the length of the Iower |ayer 22 of the 5 conductive material that forns
the body of the inductor - 21' is the width of the |ower |ayer 22 of the
conductive material that forns the body of the inductor - 22' is the first
of two connectors to the body of the inductor 10 - 23" is the second of
two connectors to the body of the inductor - 24" is the thickness~ of the
conductive material that forns the body of the inductor'- 25" is the

di st ance bet r.s of . 15 conductive rlal and - 26' is
Lat?c! %giteSt%X:%l&gb tl]’l ﬁ?h% a% t

t he dlelectrlc p05| §V%rs of conductive

material. The |la 21is first Ia er that js created in 20 | ayer of
retectri o o Rt SOy e 878 et"a%%?%at% Tegiarios, GopdpREors

conventi onal technolggy that is used to create interconnect lines in a
|ayer of 29, and 31

- 20’ is the length of the lower layer 22 of the
5 conductive material that forms the body of the inductor
- 21’ is the width of the lower layer 22 of the conductive
material that forms the body of the inductor
- 22’ is the first of two connectors to the body of the
inductoxr
10 - 23’ is the second of two connectors to the body of the
inductor
- 24’ is the thickness of the conductive material that
forms the body of the inductor
- 25’ is the distance between adjacent layers of
15 conductive material, and
- 26’ is the dielectric that is deposited between the

adjacent layers of conductive material.

The layer 22 is the first layer that is created in a
20 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
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27 dielectric. Layer 22 may be created directly on the surface of a
substrate or nay be created on the surface of a |ayer of dielectric (not
shown in Fig. 2a) that has first been deposited on the surface of a
substrate. If a 5 layer of dielectric is deposited before the layer 22 is
formed in a second | ayer of dielectric, the body of the inductor is
further renoved fromthe underlying silicon substrate thereby reducing
resistive losses that are suffered by the electromagnetic field of the

i nductor. 10 This reduction is however not as pronounced as a simlar
reduction that can be achieved for the inductor of Prior Art since the

el ect romagnet i B FtBFHYOF - tTRYFNRAIBY &fe qusatefveareshly na® R shown in
Fig. 2a is essentially parallel to the surface of the underlying substrate
and 15 t heref oFBTE8€8 Abta | fiksEerhic 4 8% §si Freaheddeqreee sWwrfpachat
surface. OF inportance to the process of the invention is the creation of
the first or | efestleagerobfdidleecioninectiatg skowei as PigandaB1thaf thers | ayer
22 has been formed as indicated above, a second | ayer of dielectric is
deposited ovefirhe beaefadepoditayem 2e thirfasecoAdal aykestodte. If &

5 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 field of the inductor.

10 This reduction is however not as pronounced as a similar
reduction that can be achieved for the inductor of Prior
Art since the electromagnetic field of the inductor of
the invention that is shown in Fig. 2a is essentially
parallel to the surface of the underlying substrate and

15 therefore does not intersect to a gignificant degree

with that surface.

Of importance to the process of the invention is the
creation of the first or lowest layer of the connecting
20 wvias 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
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dielectric is patterned such that openings for the | ower 28 sections of the
connecting conductors 21 and 31 (on both extremties of the layer 22 and
covering the layer 22 over its width 21') are formed in the second | ayer
of dielectric. The second |ayer of dielectric has a thickness 5 that
essentially equals the distance 25 between |ayer 22 and the overlying

| ayer 24. The process is then continued by the deposition of a third |ayer
of dielectric, this third layer of dielectric as patterned and etch
creating openings for layer 24 and for extensions of the connecting 10

conductors 21 and 31 that overlay the first openings that have been
created in tHHeF S&Bh® §}§rC&F“&FEFE@tF?EdFﬁFOr?h%léﬁﬁhé@tﬂﬁ& BBRBuct ors 21

and 31. This process is repeated, creating increasingly smaller openings
for the hor$¥orft™tiEeh@icttdes 1ayRE 3pi prAE SPapethdddie dRviERe 225°VRBuCt or
can in this manner be created, after the level of the spiral of the
i nduct or thatts svidtdntidd )i mrehiformafnér the #eepred tdway tfe center of the
spiral of the inductor, the horizontal conductors increase in size to form
the upper pdralesftnine dier slecoalll lefierwhi| éietest1ing 126G evéehliaknrgs
openings for the connecting conductor vias.
5 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
10 conductors 21 and 31 that overlay the first 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 conductors. The spiral shaped body of the
15 inductor can in this manner be created, after the level of
the gpiral 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 while creating
20 overlaying openings for the connecting conductor vias.
Input/output connectors 22’ and 23’ are created in similar

manner and in the desired locations of the inductor using

the same processing steps. of dielectric depositions (to
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| nput / out put connectors 22' and 23" are created in simlar nmanner and in
the desired locations of the inductor using the sanme processing steps. of
dielectric depositions (to 29 formthe spaci ngs between the conductors of
the inductive spiral) and dielectric patterning for the conductors and
t he connecting conductor vias. 5 The small conductor width of the invention
is awdth 21' (Fig. 2a) that is between about 4 and 6 tines the height
of layer 22, Fig. 2a. In further addressing the nmethod in which the 10
vertical spiral inductor of the invention is created, it is inportant to
di f f er ent i at E°Petiise FRRHiase PesiresacEhengondict gies iafdudteorindastivel ows: 1)
the |l ower horizontal conductor 22 is created first and as indicated above,
no steps of Fkebalhia alieliestolivegatherasnghEoxridat iamdifctioapernd? 2) once
the | ower horizontal conductor 22 has been created, the |ower section of
t he i nduct ortiis eyemtadd nawleengucher| snes . section of the inductor is the
section that is between the surface of |ayer 22 and bel ow vertical 20
i nterconnect 27. This process of creating the |ower

5 The small conductor width of the invention is a width

21' (Fig. 2a) that is between about 4 and 6 times the

height of layer 22, Fig. 2a.

In further addressing the method in which the
10 wvertical spiral inductor of the invention is created, it
is important to differentiate between a number of sections
of the inductor, as follows:
1} the lower horizontal conductor 22 is created first and
as indicated above, no steps of repetition are involved in
15 the creation of layer 22
2) once the lower horizontal conductor 22 has been
created, the lower section of the inductor is created
where the lower section of the inductor is the section
that is between the surface of layer 22 and below vertical
20 interconnect 27. This process of creating the lower
section is a repetitive cycle whereby horizontal

conductors of decreasing length are created overlaying
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section is a repetitive cycle whereby horizontal conductors of decreasing
| ength are created overlaying 30 |ayer 22 while at the sane tinme creating
vias for the extension of the vertical conductors 21, 23, 29 and 31 3)
after the |l ower section has been created, the first input/output connector
28 is created by creating the 5 vertical interconnect 27 (which connects
the first 1/O connector 28 to the spiral of the vertical inductor) after
which the first 1/0O connector 28 is created 4) after the first 1/0
connector has been created, the wupper section of the inductor is created
where the upﬁg; 10 sectjion is the section that is |ocated between the

surface of tha¥$7rst Yo Amddoraps shnet Rectbhgurfacd Bt Hise | ast
hori zontal conductor 32. This process of creating the wupper section is a
repeat proce?3teher@byhdiier oiftalicadorandueEsraf2l ncteasihgicerdt h are
created that_overlay 15 the first 1/0 connector 28 while at the sane tine
creating vias 2hERr S8 d e sestdironbasf beent ¢radtednduct drigstThe
process of creating the upper section of the helix coil uses the creation
of dual daneserwe/padtner reontestert B8 ibr enchtef bhecxhmd imgarmecene pattern
forns a horizontal
5 wvertical interconnect 27 (which connects the first I/0
connector 28 to the spiral of the vertical inductor) after
which the first I/0 connector 28 is created
4) after the first I/O0 connector has been created, the
upper section of the inductor is created where the upper
10 section is the section that is located between the surface
of the first I/O connector 28 and the top surface of the
last horizontal conductor 32. This process of creating the
upper section is a repeat process whereby horizontal
conductors of increasing length are created that overlay
15 the first I/O connector 28 while at the same time creating
vias that serve as extensions of vertical conductors. The
process of creating the upper section of the helix coil
uses the creation of dual damascene patterns where the
trench of the dual damascene pattern forms a horizontal
20 conductor while the vias of the dual damascene patterns
form the extended vertical conductors

5) after the upper section has been completed, the second

I/0 connector 34 is created by depositing a layer of
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20 conductor while the vias of the dual damascene patterns formthe
extended vertical conductors 5) after the upper section has been conpl eted,
the second 1/0 connector 34 is created by depositing a | ayer of 31
dielectric, creating an opening in this layer of dielectric that is used
to connect the second 1/0 connector to the remaining vertical conductor 21
that is up to this point as yet not connected, depositing a second 5 |ayer
of dielectric and patterning and etching the second 1/0 connector 34 in
this second | ayer of dielectric. 10 Fromthe above it is clear that sone of
the processing cycles for the creation of the vertical spiral are one
time cycles thfer STF84dEh8Rs BPFBEE o1 r Upkt i Y3¥5T (4 t he point where
certain sections of the_ inductor have been conpleted. It is further of

i nterest to MotiRE Hiratthifte 1i #REGf CO15CPRRCY ek c¥CcatddCor that is shown
in Fig. 2ais aright hand view of the inductor. Fromthis it foll ows that
vertical corfREtsHOH? héedirEheiapnpavedt bea heendugiintr AHarkdatedsi cal

conductors and | eft-hand verti cal
up to this point as yet not connected, depositing a second

5 layer of dielectric and patterning and etching the second

I/0 connector 34 in this second layer of dielectric.

From the above it is clear that some of the
processing cycles for the creation of the vertical gpiral
10 are one time cycles while others lead themselves to
repetition to the point where certain sectiong of the

inductor have been completed.

It is further of interest to notice that the view of

15 the vertical inductor that is shown in Fig. 2a is a right
hand view of the inductor. From this it follows that
vertical conductors can be differentiated between right
hand vertical conductors and left-hand vertical
conductors. For instance, vertical conductor 31 is a

20 right-hand vertical conductor that overlays the surface of
layer 22 on a right-hand vertical contact area in the
surface of layer 22, vertical conductor 21 ig a left-hand

vertical conductor that overlays the surface of layer 22
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conductors. For instance, vertical conductor 31 is a 20 right-hand verti cal
conductor that overlays the surface of |ayer 22 on a right-hand verti cal
contact area in the surface of |ayer 22, vertical conductor 21 is a

| eft-hand vertical conductor that overlays the surface of |ayer 22 32 on a
| eft-hand vertical contact area in the surface of layer 22. It is finally
interesting to note that the coil- |ike nature of the inductor becones

cl ear best by starting wth the first I/O connector 28 and fromthere
following 5 the alternating vertical and horizontal conductors in a

cl ockwi se rot%t? off tthand e r&d€ahd CPRErEBnAERR of 1 38 sSunfagehed. Fig. 2b
shows a top view the vertical inductor of the 10 invention with a thin
conduct or wi tR¥ET Bre tPp bF dwnied livakaherast heg die exdtio ot tthe Zoakis, that
is looking down in the direction of the substrate, thereby |ooking down on
pl ane 34 of RHkg mmtune afudihea indpctpewbethres / @ eaorivestt drys s22rtand 23
are visible as indicated in Fig. 15 2b. Fig. 2c shows a side view taken in
the Y-directworh thehatinst |Igokicognattbhe2X- Zngl finem afhdxieg.fAdpwdhgt he

5 the alternating vertical and horizontal conductors in a

clockwise rotation until the second I/0O connector 34 is

reached.

Fig. 2b shows a top view the vertical inductor of the
10 invention with a thin conductor width. The top view is
taken in the direction of the Z-axis, that is looking down
in the direction of the substrate, thereby looking down on
plane 34 of Fig. 2a. In such a top view, the I/0
connectors Z2' and 23’ are visible ag indicated in Fig.
15 2b.
Fig. 2c¢ shows a side view taken in the Y-direction
(that is looking at the X-Z plane of Fig. 2a) of the
spiral inductor of the invention. The side view that is
shownn highlights not only the I/0 interconnects 22/ and
20 23" but also shows a cross section of the conductive
layers and the connecting conductor vias that have
previously been indicated in Fig. 2a and that form the

inductor of the invention. The conductor height 27‘ is
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spiral inductor of the invention. The side view that is shown highlights
not only the I/O interconnects 22' and 20 23' but al so shows a cross
section of the conductive |ayers and the connecting conductor vias that
have previously been indicated in Fig. 2a and that formthe inductor of
t he invention. The conductor height 27" is 33 also indicated. Underlying
the body of the vertical inductor of the invention is the silicon
substrate 10', layer 15 of passivation material is deposited over the
surface of the conpleted vertical inductor of the 5 invention. Fig. 2d

shows a top vjew taken in the Z-direction hat _is | ooking at the X-Y

pl ane of Fi gé.li%)llb 1G94 's&r‘u‘jélr iyr’lﬁ‘gc{:ﬁ? ]B%’éft’h%fitrﬁfen‘fei%ﬁc#he regi ons
that are 10 highlighted in Fig. 2d have previously been identified

i ncl udi ng t MGt ¥t e invRRE 108 bPeEBﬁtsbb%‘\?\%férﬁ‘%hrFetm&@néGétfi de
material that forns the body of the inductor. Layer 22 is the | ower

hori zontal cohttict’or’, Aawassdration patappet hordorrrideteverctde. Layer 28

is the inner 15 conductor. a
gurface of the completed vertical inductor of the

5 invention.

Fig. 2d shows a top view taken in the Z-direction
(that is looking at the X-Y plane of Fig. 2a) of the
spiral inductor of the invention. The regions that are
10 highlighted in Fig. 2d have previously been identified
including the dielectric 26’ that is present between the
conductive material that forms the body of the inductor.
Layer 22 is hhe lower horizontal conductor, layer 34 is
the upper horizontal conductor. Layer 28 is the inner

15 conductor.

Fig. 3 addresses a vertical inductor of the invention
that uses small conductor width whereby furthermore
ferromagnetic material is incorporated. The views of the

20 spiral inductor of the invention that are shown in Fig. 3a
through 3d are therefore essentially the samelas the views

of the spiral inductor of the invention that have been
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Fig. 3 addresses a vertical inductor of the invention that uses snal
conductor wi dth whereby furthernore ferromagnetic material is

i ncorporated. The views of the 20 spiral inductor of the invention that are
shown in Fig. 3a through 3d are therefore essentially the same as the
views of the spiral inductor of the invention that have been 34 shown as
Figs. 2a through 2d wth the exception of the addition of the |ayer 36 of
ferromagnetic material. Fig. 3a is a right hand extended three-di nensi onal
5 view of the vertical inductor of the invention with a thin conductor

wi dt h whereby, ferro net i eria i s . incorporated. The same
nunbering sc %ﬁﬁ?zﬁé?ﬁ% %até&n% ggﬁahaggoﬁ%t?hg?eré%&?&ﬁﬁﬂ? oWiSin Fig. 2a
apply to Fig. W th the exception of the paraneter 36 for the added 10
f er r omagnet i%d%gftjec?l} aﬂfF t%eg?iaﬁﬁrsﬁémgfaf?ﬁﬁowwq% RPrShi@al- i nduct or of
the invention with a thin conductor wi dth whereby ferromagnetic materi al
36 is incorporated. 15 Fig, 3c shows a cross section in an X-direction of

the vertical inductor of the invention with a thin
Fig. 3a 1is a right hand extended three-dimensional

5 wview of the vertical inductor of the invention with a thin
conductor width whereby ferromagnetic material 36 is
incorporated. The same numbering scheme and related
designations that have been shown in Fig. 2a apply to Fig.
3a with the exception of the parameter 36 for the added

10 ferromagnetic material.

Fig. 3b shows a top view the vertical inductor of the
invention with a thin conductor width whereby
ferromagnetic material 36 is incorporated.

15

Fig. 3c shows a crosgss section in an X-direction of
the vertical inductor of the invention with a thin
conductor width whereby ferromagnetic material 36 is
incorporated. The same numbering scheme and related

20 designations that have been shown in Fig. 2c apply to Fig.
3¢ with the exception of the parameter 36 for the added

ferromagnetic material.
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conductor wi dth whereby ferromagnetic material 36 is incorporated.

The. same nunbering schene and rel ated 20 desi gnations that have been shown
in Fig. 2c apply to Fig. 3c with the exception of the paranmeter 36 for the
added ferronmagnetic material. 35 Fig. 3d shows a cross section in an
Y-direction of the vertical inductor of the invention with a thin
conductor w dth whereby ferromagnetic material is incorporated. 5 Fig. 4
is a right hand extended three-di nmensional view of the vertical inductor
of the invention with a |arge conductor width. The artwork that relates to
the third enbodiFient of ahvers avembieensestiesseitiah | Y- didenttiical of0 to the
artwork that has been shown as Figs. 2a through 2d, the sane nunbering
schene and rehatesrtdesilgnatduansrt bat thhavaveeehosheih ian JHign 2a apply to
Fig. 4 with the exception of the parameter 38. The essential difference
bet ween t he s@tdic@adr spidtal welrehe tayebhhghetbatmatseshowmiaslb in Fig. 4 is

that the conductor wdth 38 of Fig. 4a is considerably |arger than the
conductor w fidbZdordthat. i s
5
Fig. 4 is a right hand extended three-dimensional

view of the vertical inductor of the invention with a
large conductor width. The artwork that relates to the
third embodiment of the invention is essentially identical

10 to the artwork that has been shown as Figs. 2a through 24,
the same numbering scheme and related designations that
have been shown in Fig. 2a apply to Fig. 4 with the
exception of the parameter 38. The essential difference
between the vertical spiral of the invention that is shown

15 in Fig. 4 is that the conductor width 38 of Fig. 4a is
considerably larger than the conductor width 21’ that is
shown in Fig. 2a. This increase in conductor width has as
effect that the electromagnetic field of the vertical
spiral inductor is further concentrated resulting in

20 improved performance of ¢ factor, inductance and
performance at higher frequencies, even though these
improvements are achieved at the cost of a slightly

increased surface area that is required for the creation
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shown in Fig. 2a. This increase in conductor wdth has as effect that the
el ectromagnetic field of the vertical spiral inductor is further
concentrated resulting in 20 inproved performance of Q factor, inductance
and performance at hi gher frequencies, even though these inprovenents are
achieved at the cost of a slightly increased surface area that is required
for the creation 36 of the vertical spiral inductor of the third enbodi nent
of the invention. The device configuration of the vertical spiral 5

i nductor of the invention that is showmn in Fig. 5 is identical to the
configuration_that is sho%p in Fi with the exception of_the addition

of ferromagnelic’® mEFErA ﬁ@lﬁél?ﬁgéFﬁHBEtBF.th%étW%ﬁ4(ﬁﬁ%ﬁﬁ%WQ§tnﬁﬁeriaI

is interposed between physically adjacent |ayers of the 10 spiral
construct i ontBRAREERI SRl y or partially takes the place of the dielectric
26' of Fig. 4. Fig. 6 addresses the fifth enbodi mrent of the invention,
which is a vertical inductor of the invention 15 whereby two verti cal

spiral inductors are connected in series. The construction of each of the
two verti cal The device configuration of the vertical spiral

5 inductor of the invention that is shown in Fig. 5 is
identical to the configﬁration that is shown in Fig. 4
with the exception of the addition of ferromagnetic
material 40 to the inductor. The ferromagnetic material is
interposed between physically adjacent layers of the

10 spiral construction and completely or partially takes the

place of the dielectric 26’ of Fig. 4.

Fig. 6 addresses the fifth embodiment of the

invention, which is a vertical inductor of the invention

15 whereby two vertical spiral inductors are connected in
series. The construction of each of the two vertical
spiral inductors can follow either the first embodiment of
the invention, whereby narrow conductor width is used, or
the gecond embodiment of the invention, whereby narrow

20 conductor width with the incorporation of ferromagnetic
material is used or the third embodiment of the invention,

whereby wide connector width is used of the fourth
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spiral inductors can follow either the first enbodi ment of the invention,
wher eby narrow conductor width is used, or the second enbodi nent of the

i nvention, whereby narrow 20 conductor width with the incorporation of
ferromagnetic material is used or the third enbodi nent of the invention,
whereby wi de connector wdth is used of the fourth 37 enbodi nent of the

i nvention, whereby wi de conductor width with the incorporation of
ferromagnetic materials is used. Fig. 6a is a right hand extended
three-dinensional 5 view of vertical inductor of the invention whereby two

vertical spid@bod NUst QS afe iaqeaﬁ%gg @gﬂe%%ﬁ@idg Qeonédcrf}tr Vehtheal

i nductor 42 is connected to the secon vertic I nduct or by neans of

the series conechor ﬁﬁf The i;nput -a ut _connections to_the two
vertical 10 splrg% i nduct ors s pr%viggagﬁég? %F%ENWégﬁﬁﬁé§§4ésaH5e26'. Fi g.
6b shows a top view the vertical inductor of the invention whereby two

vertical spiral inductors are connected in series. The various conponents

that make up 15 the subject constructiqn have_previously been highlighted
and are highli ghté1 ir#) i§. FH 19 gREE SHbFRIG criv&e nﬁr‘rOFlﬁ-gLan

X-direction of . . . .
5 view of vertical inductor of the invention whereby two

vertical spiral inductors are connected in series. The
first vertical inductor 42 is connected to the second
vertical inductor 44 by means of the series connector 48.
The input and output connections to the two vertical

10 spiral inductors is provided by the connectors 46 and 46°'.

Fig. 6b shows a top view the vertical inductor of the
invention whereby two vertical spiral inductors are
connected in series. The various components that make up

15 the subject construction have previously been highlighted

and are highlighted in Fig. 6b.

Fig. 6c shows a cross section in an X-direction of
the vertical inductor of the invention whereby two
20 wvertical spiral inductors are connected in series. The
various components that make up the subject construction
have previously been highlighted and are highlighted in

Fig. é6c.

38



the vertical inductor of the invention whereby two 20 vertical spiral

i nductors are connected in series. The various conponents that nake up the
subj ect construction have previously been highlighted and are highlighted
in Fig. 6c. 38 Fig. 6d shows a cross section in an Y-direction of the
vertical inductor of the invention whereby two vertical spiral inductors
are connected in series. 5 Fig. 7 is a right hand extended three

di rensional view of vertical inductor of the invention whereby two
vertical spiral inductors are connected in series whereby furthernore
ferromagnetic na%grial js.incorporated. The fjrst vertical spiral inductor
50 i s connected t&f?hécgﬁhggﬁoﬁd058ﬁﬁiEﬁ?tﬁﬁWr%ﬂ FhdUHde 3 By Cheans  of

t he series onnect or 56., Input/output connectors to the two vertical

spiral i nductidr &SI I5P0vitEYCh P BAnBRE oL BVEAL ke e rebWIHWS - | ayer
ferromagnetic material that has been incorporated into each of the two
vertical spifeIturlSiectloldustpyBeptd S8NNETed Simddrdsses t he seventh
enbodi ment of the invention, that is an inductor of the invention whereby

5 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. The
first vertical spiral inductor 50 is connected to the

10 second vertical spiral inductor 52 by means of the series
connector 56. Input/output connectors to the two vertical
spiral inductors is provided by connectors 54 and 54°.
Multi-layer ferromagnetic material that has been
incorporated into each of the two vertical spiral

15 connectors is labeled 58.

Fig. 8 addresses the seventh embodiment of the
invention, that is an indqctor of the invention whereby
the spirals of the inductor protrude from the vertical

20 plane of the inductor. This construction of the vertical
spiral inductor further amplifiegs the magnetic field that
is concentrated around the geometric center of the

inductor, thereby increasing the Q value of the inductor.
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the spirals of the inductor protrude fromthe vertical 20 plane of the

i nductor. This construction of the vertical spiral inductor further
anplifies the nmagnetic field that is concentrated around the geonetric
center of the inductor, thereby increasing the Q value of the inductor. 39
Fig. 8a shows an expanded three-dinensional front side view of a vertical

i nductor of the invention whereby the spirals of the inductor
progressively protrude from the body of the inductor. The protruding

| ayers of the 5 vertical inductor are | abeled 60, 62 and 64 whereby the

rotrudi ng featurg ca erye ot.icing that significant surface

greas of ?hese I£§§$SQE$Sﬁﬁ§% gﬁig%génaﬁﬁtﬁhf%%_$%$ﬁ% ‘%5%@ égn%ut ext end

fromthe bodgi&g éfg% %fntical.spiral inﬁuctog gé a. nmeasur abl e ampunt. 10
ed (&S AT mERSHEhEF BhckST dd ST o ETeEYt i cal

Fig. 8b shows an expan
i nductor of the invention whereby the spirals of the inductor
progressivelgbﬁw%ﬁ%ﬁé£§'F&bﬁpﬁhéndHSHQroPB?ﬂEe?ﬁHﬂ%%¥wProﬁﬁ¥4ﬁwﬁ¥Pﬁding turns
of the spiral, 15 inductor are nOM/essentiaIIé hi dden from vi ew by the body
of the verti'ch ¥ A% ithGudtSHCtPke FRPUPTBbYpdtng layers of the

5 wvertical inductor are labeled 60, 62 and 64 whereby the
protruding feature can be observed by noticing that
significant surface areas of these layers are not aligned
with the top surface 66 but extend from the body of the
vertical spiral inductor by a measurable amount.

10
Fig. 8b shows an expanded three-dimensional backside
view of a vertical inductor of the invention whereby the
spirals of the inductor progressively protrude from the
body of the inductor. The protruding turns of the spiral
15 inductor are now essentially hidden from view by the body
of the vertical spiral inductor, the input/output

connectors 68/68’ are clearly visible.

Fig. 8c shows a cross section in an X-dimension of a
20 vertical inductor of the invention whereby the spirals 64,
66 and 68 of the inductor progressively protrude from the

body of the inductor.
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connectors 68/68" are clearly visible. Fig. 8c shows a cross section in an
X-di mension of a 20 vertical inductor of the invention whereby the spirals
64, 66 and 68 of the inductor progressively protrude fromthe body of the
inductor. 40 Fig. 9 addresses an inductor of the invention whereby a

hori zontal spiral inductor is conbined with a vertical spiral inductor
wher eby the horizontal inductor overlays the vertical inductor. 5 Fig. 9a
shows a three-di nensi onal expanded right hand view of an inductor 70 of
the invention whereby a horizontal spiral inductor 72 is connected in
series wwth a vqglic | spiral inductor. Further shown in Fig. 9a are 10
the input/out put ‘cohnectiosh SFEERt §27ARABFCPheCl erS cHFV e @R FBETSPKe

| ayers 76 of ferromagnetic material that has been_inserted between the
spirals of thfPHARAGH, sPH&ali ApGLFEREpLE eomnEeed dH tPoianVeTEaCRér t he
hori zontal inductor 72 and the point 80 of interconnect between the 15
vertical indiRtGH Z0BKFwhehssepyofhal hehduerbrl 7ndugtpr oyesRews a cross

section taken in a plane that
the vertical inductor.

Fig. %a shows a three-dimensional expanded right hand
view of an inductor 70 of the invention whereby a
horizontal spiral inductor 72 is connected in series with
a vertical spiral inductor. Further shown in Fig. 9a are
10 the input/output connection points 74 for the vertical
inductor, the layers 76 of ferromagnetic material that has
been inserted between the spirals of the inductor, the
input/output connection points 78 for the horizontal
inductor 72 and the point 80 of interconnect between the

15 vertical inductor 70 and the horizontal inductor 72.

Fig. 9b shows a cross section taken in a plane that
is perpendicular with the surface of the underlying
substrate of an inductor of the invention whereby a

20 horizontal spiral inductor 72 is connected in series with
a vertical spiral inductor 70.
Fig. 10 addresses an inductor of the invention

whereby a horizontal spiral inductor is combined with a
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i s perpendicular with the surface of the underlying substrate of an

i nductor of the invention whereby a 20 horizontal spiral inductor 72 is
connected in series with a vertical spiral inductor 70. Fig. 10 addresses
an inductor of the invention whereby a horizontal spiral inductor is
conbined with a 41 vertical spiral inductor whereby the horizontal inductor
is located in the plane of the top |layer of the vertical inductor, as
follows: 5 Fig. 10a shows a three dinensional expanded right hand view of
an inductor 70 of the invention mhereby a horizontal spiral inductor 72 is
connected in_s ctor mqgreb furthernore

d
t he horizth%ﬁrJEZBé?%ﬁrﬁl lP%@ﬁFSE ﬁg gypég%gb?ﬁl%ﬁﬁa f60t8§er of the

vertical inductor. E%Jgut/o conn %ons 84 for the horlzonta spi ral
i nductor 72 ¥ e 9FfiThedd & P PES R uF But PRIt L BTt i1 VEFEAGR Lt he
vertical spiral inductor 70 of the invention. 15 Fig. | ob shows a cross

section takelPFHF ¥ X25ifCddO¥Si in a plane that is perpendicular with the
surface of the underlying substrate of an inductor 70 the

5 : Fig. 10a shows a three dimensional expanded right
hand view of an inductor 70 of the invention whereby a
horizontal spiral inductor 72 is connected in geries with
a vertical spiral inductor whereby furthermore the
horizontal inductor is located in the plane of the top

10 layer of the vertical inductor. Input/ocutput connections
84 for the horizontal spiral inductor 72 are indicated as
are input/output connections 82 for the vertical spiral

inductor 70 of the invention.

15 Fig. 10b shows & cross section taken in an X-
direction in a plane that is perpendicular with the
surface of the underlying substrate of an inductor 7¢ the
invention whereby a horizontal spiral inductor 72
connected in seriesg with a vertical spiral inductor 70

20 whereby furthermore the horizontal inductor 72 is located

in the plane of the top layer of the vertical inductor.
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i nvention whereby a horizontal spiral inductor 72 connected in series with
a vertical spiral inductor 70 20 whereby furthernore the horizontal
inductor 72 is located in the plane of the top |ayer of the vertical

i nductor. 42 Although the invention has been described and illustrated
with reference to specific illustrative enbodinents thereof, it is not
intended that the invention be I[imted to those illustrative enbodi nents.
Those 5 skilled in the art will recognize that variations and

nodi fications can be nmade w thout departing fromthe spirit of the

nvention. 1t is ANGIRIA! ercnieldedib nhohuds ddimddheddvention all
such variations and nodifications which f within the scope of the

appended 10 o Al 4. AN whh%%@g@neaegso%?eggf 43 GRigm ks A Structure of

a vertical spiral 1nductor having a havi ng a |rect|on havi ng a

o Ve et Al S50 20 Qtheg Pl SRULD LENUDNY B ALEEGH on.

and a body y sail said sprr con ot

be limited to those illustrative embodiments. Those

5 sgkilled in the art will recognize that wvariations and
modifications can be made without departing from the
spirit of the invention. It is therefore intended to
include within the invention all such variations and
modifications which fall within the scope of the appended

10 claims and eguivalents thereof.

15
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| engthwi se and in a plane that is perpendicular to said surface of said
substrate by a front surface and a back surface, whereby said vertica
spiral conductor can be 10 created on a surface of a silicon sem conduct or
substrate said surface having a plane, containing: a base horizontal
conductor that is a horizontal conductor that is |ocated closest to said
surface of said substrate when conpared with all other horizonta
conductors; 15 a section of |ower horizontal conductors and a section of
upper horizontal conductors overlaying said base horizontal conductor
whereby all horizontal conductors |nclud|ng said base horizontal conductor
are separated by a space of height HsCEA1BSdirection that is per pendi cul ar
to said 20 surface of said substrate whereby a plane in which said
hori zontal conductors are created is parallel to a plane of said surface of
sai d substrate whereby said horizontal 44 conductors can be divided in
| oner hori zbntal SEBfrE aangrtppal Bbirzbnizduemnmddervems: aa first
i nput/out put section |ocated between said | ower and said upper horizontal
conduct or s keighii ddiaw itner iaz ditcakctboponbecing afwaktlentedanidiohat hat
serves as one of two
5 direction, and having a length Lec¢ having a direction, and a
body whereby said body of said spiral conductor is bounded
~lengthwise and in a plane that is perpendicular to said
surface of said substrate by a front surface and a back
surface, whereby said vertical spiral conductor can be
10 created on a surface of a silicon semiconductor substrate
said surface having a plane, containing:
a base horizontal conductor that is a horizontal conductor
that is located closest to said surface of said substrate
when compared with all other horizontal conductors;
15 a section of lower horizontal conductors and a section of
upper horizontal conductors overlaying said base horizontal
conductor whereby all horizontal conductors including said
bage horizontal conductor are separated by a space of
height Hs in a direction that ig perpendicular to said
20 surface of said substrate whereby a plane in which said

horizontal conductors are created is parallel to a plane of

said surface of said substrate whereby said horizontal
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i nput/out put connectors to said spiral inductor in addition to containing
a point of connect to said |lower horizontal conductors; a second

i nput/out put section containing a horizontal 10 conductor that serves as
one of two input/output connections to the spiral inductor; and verti cal
connecting conductors separated by space Hs whereby a plane of said
vertical connecting conductors is perpendicular to said plane of said
hori zontal conductors 15 whereby said vertical connecting conductors
establish electrical contact between horizontal conductors such that a
conbi ned configuration of said haorizontal conductors and said vertical
conduct or s FOIMEEHiGH Peodiyidede 18t fa¥etr ROBIZAR IMOPIINELSrA each of
said horizontal conductors conprises: a conductor length C in said
direction LBANPES dPigretalngpnigcparariel to said surface of said
substrate; 45 conductor sidewalls in a direction of said conductor |ength
and in a planE ¥Hatinmbdeusendi eeraionol aapted tvduenfsaisail¢wsabendat e

henceforth referred to as I engthwi se horizontal conductor sidewalls;
said upper horizontal conductors containing a horizontal

5 conductor of extended width that serves as one of two
input/output connectors to said gpiral inductor in addition
to containing a point of connect to said lower horizontal
conductors;

a second input/output section containing a horizontal
i0 conductor that serves as one of two input/output
connections to the spiral inductor; and
vertical connecting conductors separated by space Hs
whereby a plane of said vertical connecting conductors is
perpendicular to said plane of said horizontal conductors
15 whereby said vertical connecting conductors establish
electrical contact between horizontal conductors such that
a combined configuration of said horizontal conductors and

said vertical conductors forms a spiral.

20 2. The structure of claim 1 wherein each of said horizontal
conductors comprises:
a conductor length Cl in said direction Lc¢ and in a plane

that is parallel to said surface of gaid substrate;
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5 a conductor wwdth Cwin a said direction W and in a plane that is
parallel to said surface of said substrate whereby said conductor w dth Cw
is smaller than said conductor |length C; conductor sidewalls in a
direction of said conductor wwdth 10 and in a plane that is perpendicul ar
to said surface of said substrate henceforth referred to as w dt hw se

hori zontal conductor sidewalls; a conductor thickness Ch in a plane that is
perpendi cular to said surface of said substrate; 15 a conductor upper
surface in a plane that is parallel to said surface of said substrate

wher eby sai d conduct or, er surface has_ a geonetric shape of _a rectangl e;
a conduct or <t ?t?ﬁu%%ég§% 2 1P 8n81FRSF1IPE Phrsfldlceictatd Lenrfice of
sai d substrate whereby said conductor |ower_ 20 surface has a geonetric
shape of a #¢tdhgt L Wt il€aPerreRfEenheEt te wdit suriess Ohat occupy
opposing extremties of either said conductor upper or |ower surface of
sai d hori zof &l [Sffrater hemcgfgrtdcrpdarsedwietde ofermudis¢ hori zont al

conductors whereby said vertical interconnect surface areas are used to
est abl i sh cdeprieantal conductor sidewalls;

5 a conductor width Cw in a said direction We¢ and in a plane
that is parallel to said surface of said substrate whereby
said conductor width Cw ig smaller than said conductor
length Cl1;
conductor sidewalls in a direction of said conductor width

10 and in a plane that is perpendicular to said surface of
said substrate henceforth referred to as widthwise
horizontal conductor sidewalls;

a conductor thickness Ch in a plane that is perpendicular
to said surface of sgaid substrate;

15 & conductor upper surface in a plane that is parallel to
said surface of said substrate whereby sald conductor upper
surface has a geometric shape of a rectangle;

a conductor lower surface in a plane that is parallel to
said surface of said substrate whereby said conductor lower

20 surface has a geometric shape of a rectangle; and
vertical interconnect surface areas that occupy opposing
extremities of either said conductor upper or lower surface

of said horizontal conductor in a direction of width of
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with said vertical connecting conductors. 5 3. The structure of claiml
wherein said horizontal conductors contain a multiplicity of horizontal
conductors whereby: all horizontal conductors are of equal wi dth Cw
therefrom excluding said first and second i nput/output conductors; 10 al
hori zontal conductors are of equal thickness Ch; points of intercept of

di agonal s of said rectangles that formsaid geonetric shape of said upper
and | ower surface of said horizontal conductors are |ocated on two |lines
that are perpendicular to a surface of said substrate whereby a 15 first

of said two_lines applies to horizontal conductors that are |ocated bel ow
said first ?%ﬁéﬁ%%ﬁh%éﬂ?aéeEPF HC%PrSsﬂhar%%¥t?% S 52, nduct or t her eby

i ncluding said base horizaontal conductor while a second of said two |ines
appl i es t o HOrFZEHEEIC e GHEGEECEr 8TERSL 5P eUF B at @ SRR SR FOBEPEE T i 1 st

i nput/out put, section of said vertical spiral inductor; a space separates
adj acent hd¥iZbritld VGFFICeIr SOPREFEBYY FRRrEYRl?%F sai d base hori zont al
conductor; 47 a horizontal conductor that is furthest renmoved from said

5 3. The structure of claim 1 wherein said horizontal
conductors contain a multiplicity of horizontal conductors
whereby:
all horizontal conductors are of equal width Cw therefrom
excluding said first and second input/ocutput conductors;

10 all horizontal conductors are.of equal thickness Ch;
points of intercept of diagonals of said rectangles that
form said geometric shape of said upper and lower surface
of said horizontal conductors are located on two lines that
are perpendiculaf to a surface of said substrate whereby a

15 first of said two lines applies to horizontal conductors
that are located below said first input/output section of
said vertical spiral inductor thereby including said base
horizontal conductor while a second of said two lines
applies to horizontal conductors that are located above

20 said first input/output section of said vertical spiral
inductor;

a space separates adjacent horizontal conductors thereby

including said base horizontal conductor;
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surface of
conductors
conduct or;
hori zont al

conduct or

up to a point of height where said first

said substrate when conpared with all other horizontal

henceforth referred to as a second i nput/output horizontal

5 amltiplicity of Iower |evel horizontal conductors overlying
sai d base horizontal conductor that are equally spaced between said base
conductor and said first input/output section whereby said

| ength of adjacent horizontal conductors starting with a horizontal

10 that is adjacent to said base horizontal conductor is
i nput/ out put section is reached;

a first |nput/out ut qgrlzontal conductor separated from said | ower

conduct ors %

hori zont al

conductors which is that horizontal conductor that has a

smal | est hoti&kRfi%alcf EGiduELEEtIrakgt WhaRepoBRMRE ot ®h 3 lalothetther

conductors whereby the width of said innernost horizontal

hori zont al
conduct or

r educed

| evel

CORENGRETHERghdtS | EUBAaTT Y SRR TEolier kel

i Rosbaanced eaidycecrenbepaef orser vef ered fia &5 20 siespuif/ out put

connection for said vertical spiral inductor said first input/output

hori zont al

conductors;
5

10

15

20

rmdursprieineg i zoohaéctedduotsnai d | ower | evel horizont al
48
a multiplicity of lower level horizontal conductors

overlying said base horizontal conductor that are equally
spaced between said base horizontal conductor and said
first input/output section whereby said length of adjacent
horizontal conductors starting with a horizontal conductor
that is adjacent to said base horizontal conductor is
reduced up to a point of height where said first
input/output section is reached;

a first input/output horizontal conductor separated from
sald lower level conductors by a space of height Hs and
overlying said lower level horizontal conductors which is
that horizontal conductor that has a smallest horizontal
conductor length when compared with all other horizontal
conductors whereby the width of said innermost horizontal
conductor is extended said extension to serve as a first
input/output connection for said vertical spiral inductor
said first input/output horizontal conductor being

connected to said lower level horizontal conductors;
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a multiplicity of upper level horizontal conductors overlying said first
i nput/output section that are equally spaced between said first

i nput/out put section and said second input/output section whereby said

| ength of adjacent 5 horizontal conductors starting with a horizontal
conductor that is adjacent to said first input/output section is
increased up to a point of height where said second input/output section
i s reached; and a second input/output horizontal conductor overlying said
10 upper | evel horizontal conductors and separated fromsaid upper |evel

hori zontal caon ce o g ch is that horizonta
conduct or t%d?qﬁ: 95‘1q%bé§f%ﬁ8FFz ﬁygh EBﬁﬁﬁ%?%gﬁ ?ﬁﬂﬁﬁ?qﬁﬁgn conpared with
all other horizontal co % yctors whereby a di mension of width of said 15

i nner most  h3Y¥Tz %ﬁ&ﬁﬁ AESE LEPEk( BREBUL sBF - Bt difsitoR o S88AYEYas a
second input/o ut connection for said  vertical spiral inductor. 4. The
structure O‘fp%‘?%fgrﬁelt%?é‘r &iert Se £AHSEoRBRBE HPUBPUE a7RF L 18T BChIS3d6nnect i ng
conductors conprises: 20 a conductor height in said direction He in a plane
that is peFPReRi cUIBIL fonteaitd segEfiapevberely dsaibstante of ecidgensdr wi dt h

of W in said direction W in a plane
5  horizontal conductors starting with a horizontal conductor

that is adjacent to said first input/output section is
increased up to a point of height where said second
input/output section is reached; and
a second input/output horizontal conductor overlying said
10 upper level horizontal conductors and separated from said
upper level horizontal conductors by a space of height Hs
which is that horizontal conductor that has a largest
horizontal conductor length when compared with all other
horizontal conductors whereby a dimension of width of said
15 innermost horizontal conductor is extended said extension
to serve as a second input/output connection for said
vertical gpiral inductor.
4. The structure of claim 1 wherein each conductor of said
vertical connecting conductors comprises:
20 a conductor height in said direction Hc in a plane that is
perpendicular to said surface of said substrate;
a conductor width of We in said direction We in a plane

that is parallel to said surface of said substrate;
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that is parallel to said surface of said substrate; 49 a conductor
thickness of Hb in said direction Lc in a plane that is parallel to said
surface of said substrate; a conductor cross section in a plane that is
parallel to said surface of said substrate that has the shape of a 5
geonetric rectangle; a conductor upper surface in a plane that is

perpendi cular to said surface of said substrate; a conductor |ower surface
in a plane that is perpendicular to said surface of said substrate; 10 two
conductor sidewalls that are parallel with the length of said a vertica
connecti ng condugtor henceforth referred to _as |engthw se verti cal
conductor 3i LT i FMESCoRduEPot s Faedafti sec it L dpdr BLPBF with
the width of said a vertical connecting conductor henceforth referred to
15 as wi dt hWide 2R3l ledofquerd ssrfiedal PE. s&id M shimaidiure of claim |
wherein said vertical conductors contain a nultiplicity of vertica
conduct or s 2WHErEHLOR RIS FFFEioguinagerande| Yt Surfaesd 1sfl éach

vertical conductor has a geonetric shape of a rectangl e whereby
said surface of said substrate that has the shape of a

5 geometric rectangle;
a conductor upper surface in a plane that is perpendicular
to said surface of said substrate;
a conductor lower surface in a plane that is perpendicular
to sald surface of said substrate;

10 two conductor sidewalls that are parallel with the length
of said a vertical connecting conductor henceforth referred
to as lengthwlise vertical conducteor sidewalls; and
two conductor sidewalls that are parallel with the width of
said a vertical connecting conductor henceforth referred to

15 as widthwise wvertical conductor sidewalls.

5. The structure of claim 1 wherein gaid vertical
conductors contain a multiplicity of vertical conductors
whereby:

20 the upper surface and lower_surface of each vertical
conductor has a geometric shape of a rectangle whereby
opposing corners of each of said rectangles can be

connected by two lines that form diagonals of said
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opposi ng corners of each of said rectangles can be connected by two |ines
that form di agonals of said 50 rectangl es whereby said di agonal s have a
poi nt of intercept whereby said points of intercept are |ocated on a line
that is parallel to said surface of said substrate and further is in a
direction that is parallel with said conductor 5 | engthw se horizontal
conductor sidewalls; adjacent vertical conductors are separated by a
space; two vertical conductors henceforth referred to as outer vertica
conductors that are connected to said base horizontal conductor whereby

sai d connecfi re 1l 3%%fblis$e§.betme n said one of two wdthw se
verti cal con%‘%%%ressiw Swat F's %6 é@ﬁoﬁ?fgaﬁl@’%tﬁ 103k 3 céLFlteESFiHECt ors
and said verticq%yinte connect surface areas on said upper surface of said
base hori zofM%ic or"Ftﬁ}é{ SeINL Sh@ft LBFPEFERT 0f TS e} GRS BhdudtidrsthRht are
spaced 15 between sai d outer vertical conductors whereby said height of
adj acent vet¥ iR G edd sugdpast 88 sath Tkatiae a@nifvFERSEt r uct ure
of horizontal and vertical conductors forns a spiral said spiral to be
apparent i i a S i ' rw a
pp t i ma ¥ sSgEstion shasaiid padygloel switth idp|candhgEry th
pl ane
lengthwise horizontal conductor sidewalls;
adjacent vertical conductors are separated by a space;
two vertical conductors henceforth referred to as outer
vertical conductors that are connected to said base
horizontal conductor whereby said connections are
10 established between said one of two widthwise vertical
conductor sidewalls of each of said outer vertical
conductors and said vertical interconnect surface areas on
sald upper surface of gaid base horizontal conductor;
a multiplicity of vertical conductors that are spaced
15 Dbetween said outer vertical conductors whereby said height
of adjacent vertical conductors is adjusted such that the
combined structure of horizontal and vertical conductors
forms a spiral said spiral to be apparent in a cross
section of said body of said spiral inductor with a plane
20 that is perpendicular to said surface of said substrate

that furthermore is parallel with said lengthwise conductor

sidewalls of said horizontal conductors.
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20 that is perpendicular to said surface of said substrate that
furthernore is parallel with said | engthw se conductor sidewalls of said
hori zontal conductors. 51 6. The structure of claim 1l wherein said
conductor width is between about 4 and 10 tinmes said conductor thickness.
7. The structure of claim6 whereby said space between said 5 horizontal
conductors and sai d space between said vertical interconnect conductors is
filled with one or nore layers of a dielectric. B. The structure of claim
6 whereby said space between said 10 horizontal conductors and said space
bet ween said vertical intercaonnect conductors is filled with gne_ or nore
layers of % fEMF oHEgHEIRE Mt &redlM 1oWhehel s $3td (TR BICTAQraMi 6 bwher eby
two spiral jnductors 15 are connected in series. 10. The structure of claim
1 wherein shf PLORAR BN dt BOFs 18ethien abddit cCATiudds (- Hicdkes sehe
conductor thickness. 20 11. The structure of claim 10 whereby said space
between said horizontal conductors and said space between said vertical

i nterconnect conductors is filled with one or nore |layers of a dielectric.
7. The structure of claim 6 whereby said space between said

5 horizontal conductors and said space between said vertical
interconnect conductors is filled with one or more layers

of a dielectric.

8. The structure of claim 6 whereby said space between said
10 horizontal conductors and said space between said vertical
interconnect conductors is filled with one or more layers

of a fexromagnetic material.

9. The structure of claim 6 whereby two spiral inductors

15 are connected in series.

10. The strxucture of claim 1 wherein said conductor width

ig between about 10 and 50 times the conductor thickness.

20 11. The structure of claim 10 whereby said space between
said horizontal coanductors and said space between said
vertical interconnect conductors is filled with one or more

layers of a dielectric.
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52 12. The structure of claim 10 whereby said space between said

hori zontal conductors and sai d space between said vertical interconnect
conductors is filled with one or nore |ayers of a ferronmagnetic nmaterial.
5 13. The structure of claim 10 whereby two spiral inductors are connected
in series. 14. The structure of claim1l wherein said second 10 i nput/out put
section that contains one of two input/output connections to the spiral

i nductor conprises: a nmain conductor having all attributes of said

hori zontal conductors; a first and a second vertical interconnect surface

area 15t CUpy. opposi ng extremties of either_said u r or |ower
sur f aces o%é?@qena%tnrl‘g%#§&c% r SRS pr‘é](??f’%}ﬁyoﬁial%ﬁ%% g{éﬁ\'ﬁegél

hori zontal conductor sideways whereby said  first vertical interconnect
sur f ace are%??gqﬂg%k?QQEAE ééFQHFFQH?n@n oRTaTt SRRTH RHEH §21der ti cal
connecting 20 conductors of which not both wi dthw se vertical sidewalls
are in cont¥ettifth HHSFORCECtc6RAGEEBPES ARdE Bhl ek velidi smet Rat Pge

attached to said rectangle of said
layers of a ferromagnetic material.

13. The structure of claim 10 whereby two sgpiral inductors

are connected in series.

14. The structure of claim 1 wherein said second

10 input/ocutput section that contains one of two input/output
connections to the spiral inductor comprises:
a main conductor having all attributes of said horizontal
conductors;
a first and a second vertical interconnect surface area

15 that occupy opposing extremities of either said upper or
lower surfaces of said main conductor in a direction of
said widthwise horizontal conductor sidewalls whereby said
first vertical interconnect surface area is used for
establishing contact with the outer vertical connecting

20 conductors of which not both widthwise vertical sidewalls
are in contact with horizontal conductors; and
an extension that is attached to said rectangle of said

main conductor having two sidewalls in a plane that is
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mai n conductor having two sidewalls in a plane-that is 53 perpendicular to
the surface of said substrate whereby one of said two sidewalls is an
extension of that wi dthwi se horizontal sidewall of said main conductor
that has not previously been connected to a vertical conductor whereby 5
sai d extension preferably has a geonetric shape of a rectangle. 15. The
structure of claim1l wherein each of said horizontal conductors thereby
including said first and said 10 second i nput/output sections has a
geonetric shape of a rectangle whereby opposing corners of each of said
rectangl es can be.connected with t lines that form diagonals of said
rect angl es Rﬁﬁ?%%@lgéﬂgTT&Fh§6ﬁhﬁ§r 276 /% poidt SePstriet e PB6y said
poi nts of in%erce t for 15 said cl osest spaced horizontal conductor and
sai d furtheSt SRPACEE HYIFEHLE ICoRGuEEEEESAPR PHcBltatd Wwiftdvisse that is
perpendi cular to said surface of said substrate and fornms a start and an
end poi nt ofCRLFPRHEAY HEtdgwRldr SnFedds Maandcopaiater ofhathterc et of said
di agonal s of said horizontal 20 conductors whereby said line is located in
a pl ane t hapresiopalpdiriirte ameacheslated suvkatical saidhcubstwhatrebyai d pl ane

5 said extension preferably has a geometric shape of a

rectangle.

15. The structure of claim 1 wherein each of said
horizontal conductors thereby including said first and said

10 second input/output sections has a geometric shape of a
rectangle whereby opposing corners of each of said
rectangles can be connected with two lines that form
'diagonals of said rectangles whereby gsaid diagonals have a
point of intercept whereby said points of intercept for

15 said closest spaced horizontal conductor and said furthest
spaced horizontal conductors are located on a line that is
perpendicular to said surface of said substrate and forms a
start and an end point of a line that interconnects said
points of intercept of said diagonals of said horizontal

20 conductors whereby said line is located in a plane that is
perpendicular to said surface of gaid substrate said plane
furthermore being parallel with said lengthwise sidewalls

of said horizontal conductors whereby said line is non-

54



furthernore being parallel with said | engthwi se sidewalls of said

hori zontal conductors whereby said line is non 54 |inear thereby creating a
spiral structure whereby spirals of said spiral inductor protrude from
said body of said spiral inductor whereby said first and second i nput
sections are further created as input/output connectors to 5 said vertical
spiral conductor after said protrusion of said spiral inductor has been
determ ned whereby said body of said spiral conductor is no |onger bounded
| engthwi se and in a plane that is perpendicular to said surface of said
Substrate b%.a froq% syrface %nd a _back surface of 10 sai vertic§l spiral

i nductor. 16 "9He StFUCTUrE G 18P Pa T /heP BT ISR Y ThiTEhapirals
interconnectg sah§d$ojnts,of i ntercept of said diagonals of said

horizontal RonHutt oTRITE dSERd Rrotsude. trpm s3ididiqmte o s&&i m 15

wherein said conductor width is between about 4 and 10 tinmes said conductor

t hi ckness. IR Fhel Ry QUrE3ELY sRAf151RAEr 8By SRS pPaddithet wveen 20
said horizontal conductors and said space between said vertical
i nt er connecteebHRRE IS furthigr edeated afelvpulbpetput connectors to

5 said vertical spiral conductor after said protrusion of
said spiral inductor has been determined whereby sgaid body
of said spiral conductor is no lenger bounded lengthwise
and in a plane that is perpendicular to said surface of
said substrate by a front surface and a back surface of

10 said vertical spiral inductor.

16. The structure of claim 15 wherein said line that
interconnects said points of intercept of said diagonals of
said horizontal conductors is a parabola.

15
17. The structure of c¢laim 15 wherein said conductor width

is between about 4 and 10 times said conductor thickness.

18. The structure of claim 15 whereby said space between
20 said horizontal conductors and said space between said
vertical interconnect conductors is filled with one or more

layers of a dielectric,
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| ayers of a dielectric. 55 19. The structure of claim 15 whereby said space
between said horizontal conductors and said space between said vertical

i nt erconnect conductors is filled with one or nore |layers of a
ferromagnetic material. 5 20. The structure of claim1 wherein said
conductor width is between about 10 and 50 tinmes the conductor thickness.
21. The structure of claim20 whereby said space between 10 said

hori zontal conductors and said space between said vertical interconnect
conductors is filled with one or nore |ayers of a dielectric. 22. The
structure of claim?20 whereby said, space between 15 said horizontal

conduct or s %%d ihﬁ(f%ﬁﬂﬁﬁ?rﬁe%ﬁeghaéﬁiH5VEF?F%%Y Tt e e ¥6RBuct ors i s
filled with one or nore layers of a ferromagnetic material. 23. The
structure ofeid HITHIEAMNSebPreargovser epeapaspi srdce Jetiadictséidi s connect ed
in series with a conventional horizontal inductor whereby said horizontal

i nduct or oYRF¥Tigas! saiterEenmicesl crpdueters 56 filled with one or more

layers of a ferromagnetic material.

20. The structure of claim 1 wherein said conductor width

is between about 10 and %0 times the conductor thickness.

21. The structure of claim 20 whereby said space between
10 said horizontal conductors and said space between said
vertical interconnect conductors is filled with one or more

layers of a dielectric.

22. The structure of claim 20 whereby said space between
15 said horizontal conductors and said space between said
vertical interconnect conductors ig filled with one or more

layers of a ferromagnetic material,

23. The structure of claim 1 whereby said vertical spiral
20 inductor is connected in series with a conventional
horizontal inductor whereby saild horizontal inductor

overlays gaid vertical inductor.
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24. The structure of claim23 wherein space between spirals of said

hori zontal conductors and space between spirals of said vertical inductor
is filled with one or nore |ayers of dielectric material. 25. The
structure of claim23 wherein space between spirals of said horizontal
conductors and space between spirals of said vertical inductor is filled
with one or nore |layers of ferronmagnetic material. 10 26. The structure of
claim1l1 whereby said vertical spiral inductor is connected in series with
a conventional horizontal inductor whereby a plane of an upper surface of
said horizopfal_jinductor coincides wth a plape of an _upper 15 surface of
said vertic %‘i?&ﬁuﬁ uctire e © Fﬁﬁcgargthe%WaﬁPﬁ%ﬁiQ&#QQ§nnS§ﬁ£€ésbetmeen
spirals of said horizontal conductors and _space between spirals of said
vertical indbcidtd iReFi3qnd@ nwicoRdyRECEs AbfesPaserkegreen Grdirelecefi ¢
material. 28. The structure of claim?26 wherein space between spirals of
sai d hori zoPHl ridiialoriGawdospacefheiaBenishi erg LMBE Javerserti cal

i nductor is filled with one or nore | ayers of '
dielectric material.

5
25. The structure of claim 23 wherein space between spirals
of said horizontal conductors and space between spirals of
said vertical inductor is filled with one or more layers of
ferromagnetic matexrial.

10

26. The structure of claim 1 whereby said vertical spiral
inductor is connected in series with a conventional
horizontal inductor whereby a plane of an upper surface of
sald horizontal inductor coincides with a plane of an upper

15 surface of said vertical inductor.

27. The structure of claim 26 wherein space between gpirals
of said horizontal conductors and space between spirals of
sald vertical inductor is filled with one or more layers of

20 dielectric material.

28. The structure of claim 26 wherein space between spirals

of said horizontal conductors and space between gpirals of
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ferromagnetic material. 29. A structure of a vertical spiral inductor
having a body 5 that can be created on the surface of a silicon
sem conduct or substrate, containing: horizontal conductors separated by

space having a horizontal

hori zont al

by space having a vertica

whereby said vertical connecting conductors are perpendicular to

hori zont al

said verticH*

conductors

hori zont al
conductors

B 1o MRcEdégiwith a direction of width of said

conductor wi dth and thickness whereby said
conductors are parallel with said surface of 10 said substrate
and that are separated by space; vertical connecting conductors separated
connecti ng conductor wi dth and thickness

sai d

conductaors and are separated by space 15 whereby _said w dth of

o‘{ﬁi‘g't’t‘% 1@%1’11&&8?0%5 %agé?é %g‘% WA FPrEaildYhsri 2ont al
wher eb furthernore_a direction of width of said vertical
connecti ng %%ﬁﬁﬁﬁ%

conductors 20 areas of interconnect between said horizontal

and said vertical conductors creating a structure such

cross section of said body of said vertical spiral inductor taken
pl ane that #%. perpenditoylcarit @ yairdiss8l spiral inductor having a body

5

10

15

20

that can be created on the surface of a silicon
gsemiconductor substrate, containing:

horizontal conductors separated by space having a
horizontal conductor width and thicknegs whereby said
horizontal conductors are parallel with said surface of

said substrate and that are separated by space;

t hat
in a

vertical connecting conductors separated by space having a

vertical connecting conductor width and thickness whereby
sald vertical connecting conductors are perpendicular to
said horizontal conductors and are separated by space
whereby said width of gaid vertical cdnnecting conductor
equals said width of said horizontal conductors whereby
furthermore a direction of width of said vertical
connecting conductors coincides with a direction of width
of said horizontal conductors ;

areas of interconnect between said horizontal conductors

and said vertical conductors creating a structure such that

a cross section of said body of said vertical spiral

inductor taken in a plane that is perpendicular to said
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surface of said substrate and perpendicular to said direction of wdth of
sai d horizontal conductors has a geonetric shape of a spiral; an extension
provi ded to an i nnernost horizontal conductor 5 that protrudes fromthe
body of said vertical spiral inductor and that serves as input/out put
connection to said spiral inductor; and a horizontal upper conductor that
makes contact wth a vertical conductor of maxi mum | ongitudi nal di nmension
that 10 has furthernore been provided with a conductor that is an
extension of said horizontal upper conductor in a direction of w dth of
said hori zont conduct ar, whereby said_ extension has a surface with a
georetric shape ot & Fect & Fgréﬁgréﬁg BEFReR%t et orrS £33 ovi ded on t hat
side 15 of said horizontal upper conductor that is not connected to a
vertical conditiorCs&d WedténsitoRats BeF¥8oRk hreoR HITsudFst 2connect i on.
30. The structure of claim29 whereby said horizontal 20 conductor w dth
and sai d veFEPWHAT O RERT /G @oﬁﬁﬂéﬁgﬁ wi dth are between about 6 and 10

times said horizontal and vertical conductor thickness. 59
an extension provided te an innermost horizontal conductor

5 that protrudes from the body of said vertical spiral
inductor and that serves as input/output connection to said
spiral inductor; and
a horizontal upper conductor that makes contact with a
vertical conductor of maximum longitudinal dimension that

10 has furthermore been provided with a conductor that is an
extension of said horizontal upper conductor in a direction
of width of said horizontal conductor whereby said
extension has a surface with a geometric shape of a
rectangle whereby said extension ig provided on that side

15 of said horizontal upper conductor that is not connected to
a vertical conductor said extension to serve as an

input/output connection.

30. The structure of claim 29 whereby said horizontal
20 conductor width and said vertical connecting conductor
width are between about 6 and 10 times said horizontal and

vertical conductor thickness.
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31. The structure of claim 30 whereby said space between said horizontal
conductors and said vertical connecting conductors is filled with one or
nore |layers of dielectric material. 5 32. The structure of claim 30

wher eby said space between said horizontal conductors and said vertical
connecting conductors is filled wwth one or nore | ayers of ferromagnetic
material. 10 33. The structure of claim 30 whereby two or nore of said
vertical spiral inductors are connected in series. 34. The structure of
claim 30 whereby said vertical spiral 15 inductor is connected in series
wi th a conventignal horizontal spiral inductor whereby said horizontal
spiral i ndict orovEriRrErEard 9Eﬁﬁwc§? werely | St thace3het YRE st r uct ur e
of claim30 whereby said vertical spiral 20 inductor is connected in
series wtFE TSGR CREAVEEATEI 28R $aid | YRt Weanesyiad upper
surface of said horizontal spiral inductor is in a plane of an upper
surface of & cians da f4piledl wihbBuereror goore layers of dielectric

material.

5
32. The structure of claim 30 whereby said gpace between
sald horizontal conductors and said vertical connecting
conductors is filled with one or more layers of
ferromagnetic material.

10

33. The structure of claim 30 whereby two or more of said

vertical spiral inductors are connected in series.

34. The structure of claim 30 whereby said vertical spiral
15 inductor is connected in series with a conventional
horizontal spiral inductor whereby gaid horizontal gpiral

inductor overlays said vertical spiral inductor.

35. The structure of claim 30 whereby said vertical spiral
20 inductor is connected in series with a conventional

horizontal spiral inductor whereby an upper surface of said

horizontal spiral inductor is in a plane of an upper

surface of said vertical spiral inductor.
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36. The structure of claim30 whereby said horizontal conductor wi dth and
said vertical connecting conductor wdth are between about 10 and 50 tines
said horizontal and vertical conductor thickness. 5 37. The structure of

cl aim 36 whereby said space between said horizontal conductors and said
vertical connecting conductors is filled with one or nore | ayers of
dielectric material. 10 38. The structure of claim 36 whereby said space
bet ween said horizontal conductors and said vertical connecting
conductors is filled with one or nDre | ayers of ferromagnetic material. 15
39. The str t e of claim 36 wh two or nore of said vertical spiral

i nductors a heth B i s & & alﬂ‘o”ﬂ‘f@%@?lﬁcﬁﬁ% M igaitwlas wher eby
said verti cal splral 20 inductor is connected in series with a

convent i onaf MG LNt EHIdpiand sedduiesE IGREr BBYNSRE HNh GIAENRERT spi r al

i nductor overlays said vertical spiral inductor, 61
width are between about 10 and 50 times said horizontal and

vertical conductor thickness.

37. The structure of claim 36 whereby said space between
sald horizontal conductors and said vertical connecting
conductors is filled with one or more layers of dielectric
material.

10
38. The structure of claim 36 whereby said space between
said horizontal conductors and said vertical connecting
conductors is filled with one or more layers of
ferromagnetic material.

15
39. The structure of c¢laim 36 whereby two or more of said

vertical spiral inductors are connected in series.

40. The structure of claim 36 whereby said vertical spiral
20 inductor is connected in series with a conventional
horizontal spiral inductor whereby said horizontal spiral

inductor overlays said vertical spiral inductor,
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41. The structure of claim 36 whereby said vertical spiral inductor is
connected in series with a conventional horizontal spiral inductor whereby
an upper surface of said horizontal spiral inductor is in a plane of an
upper 5 surface of said vertical spiral inductor. 42. The structure of
claim 36 whereby said horizontal and said vertical conductors are
protruding fromthe body of said vertical spiral inductor whereby said
protrusion is 10 nost prom nent and centered between a horizontal conductor
of said spiral inductor that is closest to said surface of said substrate

and a hori zpnt conductor that Ls.furthest renoved frqom said surface of
sai d substr% éa%&?téhﬂﬁ%§uﬁFoP u§?8ﬁmfé%tﬂé?r%ﬁ¥ﬁ§ﬁ% i (%Hqgﬁlﬁpb5ﬁgt of
maxi num 15, protrusi.on when praoceeding.in a,direction of outernost

verti cal irﬂéﬁ%ﬁﬁﬂﬁuﬁﬁrﬁfqﬁﬁﬁ&& OPsS6F 188 Wi vRerd | VSRRt nduct or . 43.
The struct m 42 whereby said horjizontal 20 conductor w dth and

re of clai > .
said verti Léaq’rﬂc%ﬁﬂ*@ét iR Tedn dHEALGE T WBERSRY e2h SRR WHSECS6%4n8248 ti nes

sai d horizontal and vertical conductor thickness. 62 44. The structure of

cl ai m 42 wheteliP e d sspaed Badwesar is in a plane of an upper

5 surface of said vertical spiral inductor.

42. The structure of c¢laim 36 whereby said horizontal and
said vertical conductors are protruding from the body of
said vertical spiral inductor whereby said protrusion is

10 most prominent and centered between a horizontal conductor
of said spiral inductor that is closest to said surface of
said substrate and a horizontal conductor that is furthest
removed from said surface of said gsubstrate with s=aid
protrusion further diminishing from a point of maximum

15 protrusion when proceeding in a direction of outermost
vertical interconnecting conductors of said vertical spiral

inductor.

43. The structure of claim 42 whereby said horizontal
20 conductor width and said vertical connecting conductor
width are between about 6 and 10 times said horizontal and

vertical conductor thickness.
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said horizontal conductors and said vertical connecting conductors is
filled wth one or nore |layers of dielectric material. 5 45. The structure
of claim 42 whereby said space between said horizontal conductors and said
vertical connecting conductors is filled with one or nore | ayers of
ferromagnetic material. 10 46. The structure of claim42 whereby said

hori zontal conductor wi dth and said vertical connecting conductor wdth
are between about 10 and 50 tinmes said horizontal and vertical conductor

t hi ckness. 15 47. The structure of claim46 whereby said space between

sai d horizqﬂ%ahfcon uctors ang siid v? tical connec in%_ c%nductors i's
filled with onebr Tore TayePs Gf2dlefactrrtePheiatd P25 PEEVePhe
structure of c|aimA46 whereby said space between said horizontal conductors
and said Véq%%g}o%ﬁ%&li ﬁ:&négctors and said vertical connecting

conductors is filled with one or more layers of dielectric

material.

45. The structure of claim 42 whereby said gspace between
sald horizontal conductors and said vertical connecting
conductors is filled with one or more layers of
ferromagnetic material,

10
46. The structure of c¢laim 42 whereby said horizontal
conductor width and said vertical connecting conductor
width are between about 10 and 50 times said horizontal and
vertical conductor thickness.

15
47. The structure of claim 46 whereby said space between
sald horizontal conductors and said vertical connecting
conductors is filled with one or more layers of dielectric
material.

20
48. The structure of claim 46 whereby said space between

sald horizontal conductors and said vertical connecting
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conductors is filled with one or nore |ayers of ferromagnetic material. 49.
A nethod of creating a vertical spiral inductor 5 containing horizontal and
vertical conductors of a wwdth W said width having a direction separated
by spacing further containing a first and a second i nput/output connector,
said vertical spiral inductor containing a body that is bounded by while
including in said body a base horizontal 10 conductor, two outer vertical
conductors and said second input/output connector, whereby said vertical
spiral inductor can be viewed in a direction of wwdth that is parallel

with said s bstr resulting i hori zontal view one of
said i nduct%éri&%%tr?gltrsl s:'i%ngf hie%st %E °18 8f:mg¥%c}%‘ﬁﬁf &'sem conduct or s
substrate said substrate Vin a surface; depositing a base |ayer of
dielectric ﬁavi e%ﬁﬁfﬁ%‘ 6% r said surface of said substrate; 20
creating a base section of said vertical spiral inductor having a surface
further having a height Hbo and a width W said base section to be created

on said surface of said base |ayer of dielectric;
49. A method of creating a vertical splral inductor

5 containing horizontal and vertical conductors of a width We
said width having a direction separated by spacing further
containing a first and a second input/output connector,
said vertical spiral inductor containing a body that is

 bounded by while including in said beody a base horizontal
10 conductor, two outer vertical conductors and said second
input/output connector, whereby said vertical spiral
inductor can be viewed in a direction of width that is
parallel with said surface of said substrate resulting in
horizontal view one of said inductor, comprising the steps
15 of:
providing a semiconductors substrate said substrate having
a surface;
depositing a base layer of dielectric having a surface over
said surface of said substrate;
20 creating a base section of said vertical spiral inductor
having a surface further having a height Hb and a width Wc
said base section to be created on said surface of said

base layer of dielectric;

64



64 creating a | ower section of said vertical spiral inductor having a
height H said | ower section to be created overlying said surface of said
base section; creating a first input/output connector section having a 5
hei ght Hfio further having a surface said first input/output section to be
created on said surface of said |ower section; creating an upper section
of said vertical spiral inductor having a surface further having a height
Hu said upper 10 section to be created on said surface of said first

i nput/out put section; creating a second input/output connector section
having a surface further havi a height Hsio said second . i nput/output
section to De“ereal el ]o%wesraisc?cga%f? gﬁlga?’ﬁrti%a]up?%‘rr%éﬂd@ﬁtoﬁo. The
met hod of C#ai m 49 erein _said step of depositing a base |ayer of

di el ectric T3VERY it e Aer Sy L le¥erngectard Baske s&@atew of said
vertical spiral_inductor directly 20 on said surface of said substrate. 65
51. The netROF B G dMUFIWHScs Rissrddchbeaei pechldase

creating a first input/output connector section having a

5 height Hfio further having a surface said first
input/output section to be created on said surface of said
lower section;
creating an upper section of said vertical spiral inductor
naving a surface further having a height Hu said upper

10 section to be created on said surface of said first
input/output section;
creating a second input/output connector section having a
surface further having a height Hsio said second
input/output section to be created on said surface of said

15 upper section.

50. The method of claim 4% wherein said step of depositing
a base layer of dielectric is eliminated thereby creating
said base section of said vertical spiral inductor directly

20 on said surface of said substrate.
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section of said vertical spiral inductor conprises the steps of:
depositing a first layer of dielectric' having a surface 5 over said
surface of said base |ayer of dielectric; patterning and etching said
first layer of dielectric thereby creating a trench in said first |ayer of
dielectric for a base horizontal conductor; depositing a first |ayer of
nmetal over said surface of said 10 first layer of dielectric thereby
filling said trench; planarizing said first layer of nmetal down to said
surface of said first layer of dielectric thereby creating a base

hori zont al n i,ZO n V|n surface a
SPNApET Ch'{e cﬂol}a%‘iaq Lgontal ¢ Qg % cre a $az

| engt h, a hei ght, a a thicknéss an ar 685t hat are a
subset of sgéd sur f se horgzon aI conductor t hat serve as

verti cal condud?or coﬁFakﬁeagéS? fRat *octl 905%50%9WQ?%§3%‘ fties of

said surface of said base horizontal conductor in a direction of width
over the wid ?%P%f ‘ai d base horizontal 20 conductor and in a direction of

| engt h t hat equaJs said _thickness of said horizontal conductor wher eby
said verti ST orf IS 26 SEr 845 GheBRT HF VAT it Furfaceght nost

vertical contact area,and a left nost vertical
over said surface of said base layer of dielectric;

patterning and etching said first layer of dielectric
thereby creating a trench in said first layer of dielectric
for a base horizontal conductor;
depogiting a first layer of metal over sald surface of said
10 first layer of dielectric thereby filling said trench;
planarizing said first layer of metal down to said surface
of said first layer of dielectric thereby creating a base
horizontal conductor said base horizontal conductor having
a surface, a length, a height, a width, a thickness and two
i5 surface areag that are a subset of said surface of said
base horizontal conductor and that serve as vertical
conductor contact areas that occupy opposite extremities of
said surface of said base horizontal conductor in a
direction of width over the width of said base horizontal
20 conducter and in a direction of length that eguals said
thickness of said horizontal conductor whereby gaid
vertical conductor contact areas can be divided into a

right most vertical contact area .and a left most vertical
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66 contact area said division to be derived at by facing said vertical
spiral in a direction of wwdth of said vertical spiral in a plane that is
parallel to said plane of said substrate. 5 52. The nethod of claim49
wherein said creating a |ower section of said vertical spiral inductor
conprises the steps of: depositing a second |ayer of dielectric over said
base 10 section of said vertical spiral thereby including said planarized
surface of said base horizontal conductor whereby a thickness of said
second | ayer of dielectric equals said spacing between said horizontal and
~said verti tors;. 15.patterning, and etchin ai d _second_|. gyer of
dielectric g?%%%gggﬂ%¥%é%?ﬁb%ﬁgéﬁﬁﬁask?nbga " EET ﬁ%zléngC&Pg Sﬁé?ectric
that align with said vertical cqntact . areas ipn, said base horizontal
conduct or ; %ﬁﬁ%ﬁﬁ%ﬁrﬁf%f%%ﬂ%Pdal§95?05F08i8?e%%¢§% L VETELCEAd 20

| ayer of dielectrigc; atternin% and etching said third | ayer of dielectric
spiral in plane that is parallél to said plane of said

substrate.

' 52. The method of claim 49 wherein gsaid creating a lower
section of said vertical spiral inductor compfises the
steps of:
depositing a second layer of dielectric over said base

10 section of said vertical spiral thereby including said
planarized surface of said base horizontal conductor
whereby a thickness of said second layer of dielectric
eguals said spacing between said horizontal and said
vertical conductors;

15 patterning and etching said second layer of dielectric
thefeby creating openings in said second layer of
dielectric that align with said vertical contact areas in
said base horizontal conductor;
depositing a third layer of dielectric over said second

20 layer of dielectric;
patterning and etching said third layer of dielectric
thereby creating a trench in said third layer of dielectric

that aligns with said base horizontal conductor said trench

67



thereby creating a trench in said third layer of dielectric that aligns
with said base horizontal conductor said trench 67 having a | ength whereby
said length equals said length of said base horizontal conductor mnus two
times the conbined value of said thickness of said vertical conductors and
said gap between said vertical conductors in addition to 5 creating
openings in said third layer of dielectric that align with said vertical
contact areas in said base horizontal conductor two vertical conductor
contact areas when facing said vertical spiral is a direction of wi dth of
sai d horizqgtal caon UCtQJS' eposi

10 L | f | id
surface of sal 't rd™q §P66Fg§i85@@1??%3?%2‘%%v%iﬁgﬁﬁﬁﬂﬁﬁégéi5%{rench

and said open s that have Reen created in said second and said third

| ayer of di &t ELtTHTE HAEFantAlngOsaHatPRyBESF 1R diimafattirasoBpRaRed

deposited 15 over said surface of said third dielectric thereby creating

partial verfded ForfRid dbd chreeragfngasdi veveteak dondusir@ret eidcont act
areas further creating a first horizontal conductor said first horizontal
conduct or h@@Ah@Pap MEtgieen M ifuvelsi chhvierdec Wik hinnvaddittiear teont ai ni ng
two upper

5 creating openings in said third layer of dielectric that
align with said vertical contact areas in said base
horizontal conductor two vertical conductor contact areas
when facing said vertical spiral is a direction of width of
sald horizontal conductors;

10 depositing a layer of metal over said surface of said third
layer of dielectric thereby including said trench and said
openings that have been created in said second and said
third layer of dielectric;
planarizing said layer of metal that has been deposited

15 over said surface of said third dielectric thereby creating
partial vertical conductors overlaying said vertical
conductor contact areas further creating a first horizontal
conductor said first horizontal conductor having a height
Hb further having a width Wc further containing two upper

20 suriace areas that serve as vertical contacti areas that
occupy opposite extremities of said surface of said first

horizontal conducter in a direction of width over the width

of said horizontal conductor and in a direction of length
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20 surface areas that serve as vertical contact areas that occupy opposite
extremties of said surface of said first horizontal conductor in a
direction of width over the wwdth of said horizontal conductor and in a
direction of length 68 that equals said thickness of said horizontal
conductor whereby said vertical conductor contact areas can be divided
into a right nost vertical contact area and a | eft nobst vertical contact
area said division to be derived at 5 by facing said vertical spiral in a
direction of width of said vertical spiral in a plane that is parallel to

said plane. qf ' ubstrate: and repeatin revious.steps starting with
depositingﬁgggé%ghglglgéég %ﬁiag%?%%téf:?%ﬁéﬁ#%ﬁﬁﬁﬂg%gﬁdcPﬁ%Pﬁ%?ﬁg said 10
planarizin%r said |layer_ of nmetal that has been deposited over said surface
of sai d t hiPEEEd] SEer Xeﬁ/ﬁéFﬁgyC% UeHEh PR er6RSafi®BdBft i onal

hori zontal conductqr to a ,g ecedi ng horjzaontal conductor is created that
aligns witK1Ve 'egi pr&Cedi Ry %Erm%‘ht‘é&?r%?ﬂﬂu&%ta&ﬁl REPGhENIHR =REC Wi dth 15
W whereby a length for each additional horizontal conductor equals a
length of SXI5F YréEEGPAgCRBERSBNEEFE TRHUWRIGSIAMES PRoderiBsdtde conbi ned

val ue of said ‘ .
5 Dby facing said vertical spiral in a direction of width of

sald vertical spiral in a plane that is parallel to said
plane of gaid substrate; and
repeating previous steps starting with depositing a second
layer of dielectric up through and including said

10 planarizing said layer of metal that has been deposited
over said surface of said third dielectric whereby for each
repetition an additional horizontal conductor to a
preceding horizontal conductor is created that aligns with
sald preceding horizontal conductor of height Hb and width

15 Wc whereby a length for each additional horizontal
conductor equals a length of said preceding horizontal
conductor minus two times the combined value of said
thickness of said vertical conductor and said gap between
sald vertical conductors while furthermore for each

20 repetition two additional extensions are created in said
gsecond and third layer of dielectric that align with
vertical conductor contact areas of underlying horizontal

conductors said repetition to be continued until the
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t hi ckness of said vertical conductor and said gap between said vertical
conductors while furthernore for each 20 repetition tw additional
extensions are created in said second and third |ayer of dielectric that
align with wvertical conductor contact areas of underlying horizontal
conductors said repetition to be continued until the 69 conbi ned thickness
of said second and third layer of dielectric equals said | ower section
hei ght H . 53. The method of claim49 wherein said creating said first 5
i nput / out put connector section conprises the steps of: depositing a fourth
| ayer of dielectric gaang a surface over_said surface of said | ower
section; CWEPﬁFﬂgt AGEBEERI Ay Satd FHinth awldhige dr¥PECPEic  thereby
creating an opening in aid fourth layer of 10 dielectric that aligns with a
ri ght nost VEELSCAri€oREHEL Br SAEBnt A¥ET arearlian deiehitzHAt al conduct or t hat
is exposed in said surface of said | ower section of said vertical spiral
conduct or whereby said rightnost vertical conductor contact area is the
ri ghtmost of said two vertical conductor 15 contact areas when facing said
vertical sp@idr-aThesmgthddr eft ¢ bainfsididram said hoebzongakbacdnficstor s
wher eby
5 input/output connector section comprises the steps of:
depositing a fourth layer of dielectric having a surface
over said surface of said lower section;
patterning and etching said fourth layer of dielectric
thereby creating an opening in aid fourth layer of
10 dielectric that aligng with a rightmost vertical conductor
contact area in a horizontal conductor that is exposed in
said surface of said lower section of said vertical spiral
conductor whereby said rightmost vertical conductor contact
area is the rightmost of said two vertical conductor
15 contact areas when facing said vertical spiral is a
direction of width of said horizontal conductors whereby
said rightmost opening is the opening that aligns with said
first input/output connector;
depositing a fifth layer of dielectric having a surface
20 over said surface of said fourth layer of dielectric;
patterning and etching said fifth layer of dielectric

thereby creating a trench in said fifth layexr of dielectric

in addition to creating openings that align with said
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said rightnost opening is the opening that aligns with said first

i nput/ out put connector; depositing a fifth layer of dielectric having a
surface 20 over said surface of said fourth | ayer of dielectric;
patterning and etching said fifth layer of dielectric thereby creating a
trench in said fifth layer of dielectric in addition to creating openings
that align with said 70 underlying vertical contact areas of underlying
hori zontal conductors whereby said trench aligns and makes contact wth
said right nost opening that has been created in said fourth |ayer of

dielectric reby furthernmore sajd trench 5 extends i.n said, di nension of

wi dth of saLimI%eeﬁgP’i\i?gnt"&F%lEé\dE%?JB?%t b@r%a%&ii%égi peng Bﬁi?oﬂ%%]gsi ting a
| ayer of netal_ over sajd surface _of said fifth I|ayer of dielectric thereby
i ncl udi ng SAFUEFEREN YARTSEYi 8218 peheiigs %]Heﬂn%é\?’@y Be&fsScFeateatin said
fifth layer of 10 dielectric;, and planarizing said |ayer of netal that has
been depositédt S§¢&r rdgh8 BaFEackeBING FRRY At hiied szepiredt haredj{dcreating

a first input/output connector. 15 54. The nethod of claim49 wherein said
creating aﬁqﬂﬂ@g»layer of dielectric whereby furthermore said trench

5 extends in said dimension of width of said horizontal

conductors by a considerable amount;
depositing a layer of metal over said surface of said fifth
layer of dielectric thereby including said trench and said
openings that have been created in gaid fifth layer of

10 dielectric; and
planarizing said layer of metal that has been deposited
over said surface of said fifth dielectric thereby creating

a first input/output connector.

15 54. The method of claim 49 wherein said c¢reating an upper
section of said vertical spivxal inductor is:
depositing a sixth layer of dielectric having a surface and
a seventh layer of dielectric having a surface over said
surface of said first input/output section of said vertical
20 sgpiral inductor;
forming a dual damascene pattern in said sixth and seventh
layver of dielectric said dual damascene pattern containing

a left most via and a right most via and a trench
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section of said vertical spiral inductor is: depositing a sixth |ayer of
dielectric having a surface and a seventh layer of dielectric having a
surface over said surface of said first input/output section of said
vertical 20 spiral inductor; form ng a dual damascene pattern in said
~sixth and seventh |ayer of dielectric said dual damascene pattern
containing a left nost via and a right nost via and a trench 71 connecting
said left nost via with said right nost via whereby said trench of said
dual damascene pattern is designed to contain a horizontal conductor

whereby said vias ali i th innernpst partiall]y conpleted vertical 5
conduct or s é%ﬁnﬁuﬁﬁﬂgrﬁ%%ﬁ B3F Y+%H%¥ghﬁs%ﬁ#<flﬂgélmoﬂﬁnﬁ%ﬁene pattern
is bounded by said vias; depositing_a_layer of metal over said surface of
sai d sever’rfby@q%&}’elsaéfi §rere tPﬁcS%h‘%r%ﬁjﬁ/ iHORRGRG PardctRrehdh and said
openi ngs that have been created in said sixth and 10 seventh |ayers of
di el ectri c;99i@m&d £Pngonsain pajeristntmt gondmtoayhssehydepddi ted over

sai d surface of said seventh layer of dielectric thereby creating a first
hori zont al éewda@ctign witbaidngppest partially completed vertical

5 conductors whereby furthermore said trench of said dual
damascene pattern is bounded by said vias;
depogiting a layer of metal over said surface of gaid
seventh layer of dielectric thereby including said trench
and said openings that have been created in said sixth and

10 seventh layers of dielectric;
planarizing said layer of metal that has been deposited
over said surface of said seventh layer of dielectric
thereby creating a first horizontal conductor of said upper
section of said vertical spiral inductor;

15 repeating said steps of depositing a sixth and seventh
layer of dielectric thereby creating layers of horizontal
gonductors that align with said first input/ocutput
connector further having a length whereby said horizontal
conductors are pregressively further removed from said

20 surface of gaid substrate whereby said length of said
trench of said dual damascene pattern is adjusted such that
the thereby created vias step wise expand from said

innermost partially completed vertical conductors and
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section of said vertical spiral inductor; 15 repeating said steps of
depositing a sixth and seventh |ayer of dielectric thereby creating |ayers
of horizontal conductors that align with said first input/output
connector further having a | ength whereby said horizontal conductors are
progressively further renmoved fromsaid 20 surface of said substrate
whereby said length of said trench of said dual danascene pattern is

adj usted such that the thereby created vias step w se expand from said

i nnernost partially conpleted vertical conductors and 72 further connect
sai d horiz%qh%me%pnducto&s LN sgid.u er. sec ign of ,said.vertical spiral
with said Ko 26At AP ESRdERE Sr PP R Ed Pt SREICUEHPon ™ R4 UPRET ti cal
spiral in a spiral pattern said repetition to be continued to the 5 point
where t he ﬁﬁF&POFhPékﬁéég BFth%aLg§9%ﬁﬁ&e¥%ﬁ§xﬁﬁlﬁbh°6FZ§P§Fﬁ and seventh

| ayer of dielectric equals said Hu at _ which point one vertical_ conductor
remai ns unESMNEETed aft §21fehgVRti SRl it tSpisk vieitd cadngnératl ihat is
furthest renoved fromsaid surface of said substrate whereby said 10
unconnect ed V@ifedaPagbRENCEBEal fRRIBI W ATh tsnild oot inyse toekkecal

conductor connect area in said surface of said
5 point where the total thickness of the aggregate deposits

of sixth and seventh layer of dielectric equals said Eu at
which point one vertical conductor remains unconnected at a
lengthwige extremity of this conductor that is furthest
removed from said surface of said substrate whereby said

10 unconnected vertical conductor aligns with said left most
vertical conductor connect area in said surface of sgaid

base horizontal conductor.

55. The method of c¢laim 49 wherein said creating a second
i5 input/output comnnector section comprises the steps of:

depositing an eighth and ninth layer of dielectric having a

surface over said surface of said upper section of said

vertical spiral;

creating and etching a dual damascene pattern in said eight
20 and ninth layer of dielectric whereby a via of said dual

damascene pattern aligns with said unconnected remaining

vertical conductor while furthermore a trench of said dual
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base horizontal conductor. S5. The nethod of claim49 wherein said creating
a second 15 input/output connector section conprises the steps of:
depositing an eighth and ninth | ayer of dielectric having a surface over
said surface of said upper section of said vertical spiral; creating and
etching a dual damascene pattern in said eight 20 and ninth |ayer of
dielectric whereby a via of said dual danascene pattern aligns with said
unconnected remai ning vertical conductor while furthernore a trench of
said dual 73 damascene pattern extends in said dinension of wwdth of said

hori zont al rs a_considerabl e anpunt: depositin | ayer of

net al overcgéig(?’1 %%&rf§82¥gfnsgf Chrheht §H rd%ﬂeﬁﬁ%? e8€rW&gFﬁe?€by

i ncl udi ng saL%' ia.tha Eas 5.been created in said ﬁighth | ayer of

di el ectric® §§F&Z°P BhchOPAUCERER ech EHEST P SsaMaYAFnth | ayer of
dielectric;_ planarizing,said |ayer of netal dowm to said _surface of said
ninth | ayePSEPSditeRecfr reYeanat 10 tRb e mpid ISWrdRCst Ofageidatinmh

material over said surface of said ninth layer of dielectric thereby
provi di ng layer of dielectric thereby including said via that has

5 been created in said eighth layer of dielectric and said
trench that has been created in said ninth layer of
dielectric;
planarizing said layer of metal down to said surface of
said ninth layer of dielectric; and

10 depositing a layer of passivation material over said
surface of said ninth layer of dielectric thereby providing

environmental protection for said vertical spiral.

56. The method of claim 49 wherein each of said horizontal
15 conductors comprises:
a conductor length in a plane that is parallel to said
surface of said substrate;
conductor sidewalls in a direction of said conductor length
and in a plane that is perpendicular to said surface of
20 said substrate henceforth referred to as lengthwise

horizontal conductor sidewalls;
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environnmental protection for said vertical spiral. 56. The nethod of claim
49 wherein each of said horizontal 15 conductors conprises: a conductor
length in a plane that is parallel to said surface of said substrate;
conductor sidewalls in a direction of said conductor length and in a plane
that is perpendicular to said surface of 20 said substrate henceforth
referred to as | engthwi se horizontal conductor sidewalls; 74 a conductor
width in a plane that is parallel to said surface of said substrate

wher eby said conductor width is smaller than said conductor |ength;

conductor si rectlon of onduct 5.and in a

pl ane thats‘% ;‘C%\S%upen i cu|:iigh a?da%%r@é l(ﬁ PaLg & ?uggt F’gf’g henceforth
referred to_a mndt% |zontal con uctorcilde ; ,gonuctor

thi ckness it & yicaf SRIf UbBEFPERAY T SHY (3 SRk
substrate; 10 conductor ypper surface in a plane that is parallel to
sai d surfad®gfe&ait a?uﬁ?ﬂﬁa?@“@ﬂ%?%%yl%%EQF«nanductor upper surface has a

geonetric shape of a rectan?le wher eby
conductor sidewalls in a direction of said conductor width

5 and in a plane that is perpendicular to said surface of
sald substrate hénceforth referred to as widthwise
horizontal conductor sidewalls;

a conductor thickness in a plane that is perpendicular to
gaid surface of gaid substrate;

10 a conductor upper surface in a plane that is parallel to
said surface of saia substrate whereby sald conductor upper
surface has a geometric shape of a rectangle whereby
opposing corners of each of said rectangles can be
connected with two lines that form diagonals of gaid

15 rectangles whereby said diagonals have a point of
intercept;

a conductor lower surface in a plane that is parallel to
said surface of said substrate whereby said conductor lower
surface has a geometric shape of a rectangie whereby

20 oppesing corners of each of said rectangles can be
connected with two lines that form diagonals of said
rectangles whereby said diagonals have a point of

intercept; and
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opposi ng corners of each of said rectangles can be connected with two
lines that form diagonals of said 15 rectangl es whereby sai d di agonal s have
a point of intercept; a conductor |lower surface in a plane that is
parallel to said surface of said substrate whereby said conductor | ower
surface has a geonetric shape of a rectangl e whereby 20 opposing corners of
each of said rectangles can be connected with two lines that form

di agonal s of said rectangles whereby said diagonal s have a point of
intercept; and 75 vertical interconnect surface areas that occupy opposing

extrem ti esvé%fti%"atlh%‘h_t%%icgnﬁ%g“Q&Pfaéf@\?ﬁ?% Oé#—%‘@rocgzﬂﬁﬁgf;é?gogi gaid

hori zontal conductor in a direction o sal nt al “conductors

wher eby saig MerfiGals ael ﬁ&%gg“%&%i%ﬁ&@&% Wb o %%%rf Shrface 1

establishing contact with sard ver connect1'ng conductors.

t hod of .49, wher ej h duct f.said. tical ti
Conduct or s oy (s 6e L1 R=EoRADAT R Rel . 7 & Pring ™ RAECTecr

er pendi cul ar, said  surface of said substrate; ,
perp salé(%orlzontaf conductors whereby said vertical

5 interconnect surface areas are used for establisghing

contact with said wvertical connecting conductors.

57. The method of claim 49 wherein each conductor of said
vertical connecting conductors comprises:
10 a conductor height in a plane that is perpendicular to said
surface of said substrate;
a conductor width in a plane that is parallel to said
surface of said substrate;
a conductor thickness in a plane that is parallel to said
15 surface of sgaid substrate;
a conductor cross section in a plane that is parallel to
said surface of said substrate that has the shape of a
geometric rectangle;
a conducfor upper surface in a plane that is perpendicular
20 to said surface of said substrate;
a conductor lower surface in a plane that is perpendicular

to said surface of said substrate;
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a conductor width in a plane that is parallel to said surface of said
substrate; a conductor thickness in a plane that is parallel to said 15
surface of said substrate; a conductor cross section in a plane that is
parallel to said surface of said substrate that has the shape of a
geonetric rectangle; a conductor upper surface in a plane that is

perpendi cular 20 to said surface of said substrate; a conductor | ower
surface in a plane that is perpendicular to said surface of said
substrate; 76 two conductor sidewalls that are parallel with the Iength of

cand a Vel RcdiaRect: B95EARINET D NGETALI 1! G AT LRl o1 BRgLENO! NVl S

vertical conductor sid and two cond St dewall s that are parall e

with the wi f \Y; |caI onnec C nduc encefort

referred téﬂ¥g§8Mn§tﬁ%?§gc§%r§|ca Ctl%%ué?gingg)e wal I°§; Oggﬁ eﬁ%ﬁ%od of

cl aim 49 erei n-said,conducto et ween aa%ﬂ d 10 tines said
&r ef"‘ﬁ

conduct or thi CRneSEIREISS v?ﬁélﬁ%f %ﬁpihc 9Li TRy each step of

atternin
P gtwo conductor sidewalls that are parallel with the width of

5 said a vertical connecting conductor henceforth referred to

as widthwise wvertical conductor sidewalls.

58. The method of claim 49 wherein said conductor width
is between about 4 and 10 times said ceonductor thickness,

10
52. The method of claim 49 wherein each step of patterning
and etching to create openings and trenches in each of said
layers of dielectric that are used in said vertical spiral
inductor is preceded by the steps of:

15 patterning and etching said layer of dielectric whereby
said patterning uses the mirror image pattern of a pattern
that is used for patterning and etching to create openings
and trenches in each of said layers of dielectric for said
horizontal and vertical conductors whereby said mirror

20 image pattern is bounded by said base horizontal conductor,
said two outer vertical conductors and said second
input/output connector, hereby creating openings and

trenches in said layer of dielectric that are within said
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and etching to create openings and trenches in each of said |ayers of
dielectric that are used in said vertical spiral inductor is preceded by
the steps of: 15 patterning and etching said | ayer of dielectric whereby
said patterning uses the mirror inmage pattern of a pattern that is used
for patterning and etching to create openings and trenches in each of said
| ayers of dielectric for said horizontal and vertical conductors whereby
said mrror 20 inmage pattern is bounded by said base horizontal conductor,
said two outer vertical conductors and said second input/output connector,

her eby cf ealdpeORENLAGH 0dy s LLENGHES.] sl diAkel. ol dLel ggiglc that are

within said 77 bounds sal verti spiral and that are mrr i mage

openi ngs a h t i.d_horizontal. and vertical, conductors; filling
said mrr O%%eth %%o%zlﬁli gaéggﬁﬁst?‘%nsc e‘g RAHrats faf Siva F‘i‘é’#c materi al ;
and planar|2|gg gsald ferromagnetic material. 60. The structure of claim49

wher eby two P PAduct ors are connected in series. 10

filling said mirror image openings and trenches with a
5 ferromagnetic materizl; and

planarizing said ferromagnetic material.

60. The structure of claim 49 whereby two spiral inductors
are connected in seriesg,

10
61. The structure of claim 49 wherein said conductor width
is between about 10 and 50 times the conductor thickness.
62. The method of claim 49 wherein each of said horizontal
conductors thereby including said first and said second

15 input/output connectors has a geometric ghape of a
rectangle whereby opposing corners of each of said
rectangles can be connected with two lines that form
diagonals of said rectangles‘whereby gsaid diagonals have a
point of intercept whereby said points of intercept for

20 said closest spaced horizontal conductor and said furthest
spaced horizontal conductors are located on as line that is
perpendicular to saild surface of said substrate and form a

start and an end point of a line that interconnects said
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61. The structure of claim49 wherein said conductor wwdth 1is between
about 10 and 50 tinmes the conductor thickness. 62. The nethod of claim49
wherein each of said horizontal conductors thereby including said first
and said second 15 input/output connectors has a geonetric shape of a

rect angl e whereby opposing corners of each of said rectangles can be
connected with two lines that form diagonals of said rectangl es whereby
sai d di agonal s have a point of intercept whereby said points of intercept
for 20 said closest spaced horizontal conductor and said furthest spaced

hor i zontal LARRUCLRT $,RLeckBEabeds ol agi dddie thals i PRpEDGhCY| ar To sal d

surface of said substrate and forma start and an end point of a |line that
i nterconnect g Sak-d.-£8 L BN e id.diag '
hori zont al cg%%ucgérg %Egéibggégi%Eégrégiégqéﬁéﬁtgi %nggg%ﬁag%a?ﬁ% IS
per pendi cul ar I urface.of sald substrate said _plane_.furthernore
bei ng paraF%ng%FgﬁhggngPeﬁa ﬁmf%%ka%?d%id?F§F§q%P%§5F8 ﬁgFFz%%?%?
conductors eby said Line is n- |jnear thereby creating a i ral
Coruct ur e iEEERheRE: BehBopatal L i OF HatiaeoB roeruBRar o Sy d body
of said sp%ral,in uct or. ) ,
5 of said horizontal conductors whereby said line is non-
linear thereby creating a spiral structure whereby spirals

of said spiral inductor protrude from said body of said

spiral inductor.

10 63. The method of ¢laim 62 wherein said conductor width

is between about 4 and 10 times said conductor thickness.

64. The method of c¢laim 62 wherein each step of patterning

and etching to create openings and trenches in each of said
15 layers of dielectric that are used in sgaid vertical spiral

inductor is preceded by the steps of:

1

patterning and etching said layer of dielectric whereby

said patterning uses the wmirror image pattern of a pattern

that is used patterning and etching to create openings and
20 trenches in each of said layers of dielectric thereby

creating mirror image openings and trenches;

filling said mirror image openings and trenches with a

ferromagnetic material; and
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10 63. The nethod of claim G wherein said conductor width is between about
4 and 10 tines said conductor thickness. 64. The nmethod of claim®62 wherein
each step of patterning and etching to create openings and trenches in
each of said 15 layers of dielectric that are used in said vertical spiral

i nductor is preceded by the steps of: 1 patterning and etching said |ayer
of dielectric whereby said patterning uses the mrror image pattern of a
pattern that is used patterning and etching to create openings and 20
trenches in each of said |layers of dielectric thereby creating mrror inmage

openi ngs a édg?y%q%éiféﬁblSﬁ%f@@ég?gafégﬁaéggggi openi ngs and trenches with

a ferromagnetic mat anarizing said ferromagnetic material .
65. The structure of claim62 whereby two spiral inductors are connected in
series. 5 66. The structure of claim62 wherein said conductor width is

bet ween ab and 50.tines_the conductor thickness. 67. .The nmet hod of
cl ai m 66 mﬁgieﬁ%eéggﬁugFgﬁeo?fpﬁf?bTn?%d“hereby two Splraz inductors

are connected in series.

66. The structure of claim 62 wherein said conductor width

is between about 10 and 5C¢ times the conductor thickness.

67. The method of claim 66 wherein each step of patterning
10 and etching to create openings and trenches in each of said

layers of dielectric that are usgsed in said vertical spiral

inductor is preceded by the steps of:

patterning and etching said laver of dielectric whereby

said patterning uses the mirror image pattern of a pattern
15 that is used patterning and etching to create openings and

trenches in each of said layers of dielectric thereby

creating mirror image openings and trenches;

filling said mirror image openings and trenches with a

ferromagnetic material; and

20 planarizing said ferromagnetic material.

68. The structure of claim 66 whereby two spiral inductors

are connected in series.
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10 and etching to create openings and trenches in each of said | ayers of
dielectric that are used in said vertical spiral inductor is preceded by
the steps of: patterning and etching said |ayer of dielectric whereby said
patterning uses the mrror inmge pattern of a pattern 15 that is used
patterning and etching to create openings and trenches in each of said

| ayers of dielectric thereby creating mrror imge openings and trenches;
filling said mrror inage openings and trenches with a ferronagnetic
material; and 20 planarizing said ferromagnetic nmaterial. 68. The structure

The ot hod St I BeRoCinerer hobli 10 crasrfy SO FFeRtenS: RRae Bivhar

The nethod of cla mhereln Sai d” crea
connect or sectE % g&rrses e stegs of : de psrtln a fourtg | ayer of
di el ectric ARAHGEPNTr FRRBSCHTEr SSaF HOB 179 SISREr éction;

patterningc§$d etchrn ard ourth | ayer, of drelectrrc thereby creatrng an
opening in (?%%5}F€h QBFt f LayeEl bt el e HA alegHaowet AUALFERt nost

vertical conductor _ contact area in a horizontal conductor that is exposed
in over said surface of sald lower section;

5 patterning and etching said fourth layer of dielectric
thereby creating an opening in aid fourth layer of
dielectric that aligns with a leftmost vertical conductor
contact area in a horizontal conductor that is exposed in
gaid surface of said lower section of said vertical

10 conductor whereby said leftmost vertical conductor contact
area is the leftmost of sald two vertical conductor contact
areas when facing said vertical spiral coil is a direction
of width of said horizontal conductors whereby said
leftmost opening is the opening that aligns with said first

15 input/output coanector;
depositing a fifth layer of dielectric having a surface

over said surface of said fourth layer of dielectric;
patterning and etching said fifth layer of dielectric
thereby creating a trench in gaid fifth layer of dielectric

20 1in addition to creating openings that align with said
underlying vertical contact areas of underlying horizontal
conductors whereby said trench aligns and makes contact

with said leftmost opening that has been created in said
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said surface of said |ower section of said vertical 10 conductor whereby
said | eftnost vertical conductor contact area is the leftnost of said two
vertical conductor contact areas when facing said vertical spiral coil is
a direction of width of said horizontal conductors whereby said | eftnost
opening is the opening that aligns with said first 15 i nput/output
connector; depositing a fifth layer of dielectric having a surface over
said surface of said fourth layer of dielectric; patterning and etching
said fifth layer of dielectric thereby creating atrench in said fifth

| ayer of di ri d Lo cleat enin as that W th
sai d undeﬁ%&ﬁ%@ &% gca go% r%?e%%e% q%er f““& horlzon a?ggh

conductors sai d.trench all ns_and ke with said | eftnost
openi ng thé%gﬁﬁgg%égnséFga eﬂePﬁlgglﬁng' r?i‘*ﬁ&%%°5F28PEFectrlc wher eby
furthernore sajd trench extends in said dinmension of wwdth of said

hori zontal © S SYb§ SCPSRSPHRP 1R @Y unt ; depositing a | ayer of

nmet.al over said surface_of said fifth 5 |ayer of dielectric t her eby

i ncl udi ng SERPSITRGh 2aR@vsai 8F BpeRT ngect hadich e figeen ofr eatedftﬁt%au d

fifth [ayer of
5 layer of dielectric thereby including said trench and said

openings that have been created in said fifth layer of
dielectric; and

planarizing said layer of metal that has been deposited
over said suxrface of said fifth dielectric thereby creating

i0 a first input/output connector.

70. The method of claim 49 wherein said horizontal view one
of gaid vertical spiral inductor shows said spiral of said
vertical spiral inductor whereby said spiral starts at said
15 first input/output connector and further continues by
following interconnected wvertical and horizontal conductors

of said vertical spiral inductor in a clock-wise directiomn.

71. The method of claim 4% wherein said horizontal view one

20 of said vertical spiral inductor shows said spirél of said
vertical spiral inductor whereby said spiral starts at said
first input/output connector and further continues by

following interconnected vertical and horizontal conductors
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dielectric; and planarizing said |ayer of nmetal that has been deposited
over said surface of said fifth dielectric thereby creating 10 a first

i nput /out put connector. 70. The nethod of claim49 wherein said horizontal
view one of said vertical spiral inductor shows said spiral of said
vertical spiral inductor whereby said spiral starts at said 15 first

i nput/ out put connector and further continues by follow ng interconnected
vertical and horizontal conductors of said vertical spiral inductor in a
cl ock-w se direction 71. The nethod of claim49 wherein said horizontal
vi ew one %{ %r%§55hcal giral_&ggggtor showﬁt%alglggkrgisgf sai d
vertical spira ctor mhe?eﬁ sai splrél st ar sai TSt
|nput/outp connector and further continues by follow ng interconnected
verti cal H95T+28nt al  conductors 82 of said vertical spiral inductor in a
count er clock wi se direction. 83
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