| NTEGRATED VERTI CAL SPI RAL | NDUCTOR ON SEM CONDUCTOR MATERI AL BACKGROUND
OF THE INVENTION 5 (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 Qinductor while sinmultaneously
reduci ng the surface space that is consuned 10 by such an inductor. The

i nductor of the invention is a spiral inductor that is positioned in a

pl ane that is perpendicular to the plane of the substrate on which the
conductor is created. 15 (2) (2) Description of the Prior Art Modern

sem conduct giTie@RARebOg¥RT eAM.  €STHAYe iMaticen onofseRirgbrpetfor MRceER 1AL
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 renent that the surfac t I vai |l abl e on the
EaSk&fodiin SRRCRIE Nf%oﬁ
su lﬂ% y a

surface of a sem conductor strate is care | ocated 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 ¢ inductor while
simultaneously reducing the surface space that is consumed

1¢ 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 ig created.

15 {(2) {2) Description of the Prior Art
Modern semiconductor technology requires the creation

of high performance semiconductor devices that are
produced at competitive prices. A direct result of these
requirements is that device density and inter-device

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 ig 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 mani pul ati on 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 may have been applied in conbination

v 910 proceeire aeRDL L VIREBK OGNS ol LSRN,

portion of the function I npl-emen

for instance capacitjye and 15 inductive conponents.in addition to and
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requirements that are inposed on conponents that are requjred for anal og
processi ng hav&i Pe{He SﬁitﬁiPé&ldﬁﬁelPﬁPebWﬁt?Bﬁa%fgﬁag%gCéﬁﬁ%nents
into typical 20 sem conductor_ integrated circuit devices. Mdern mbijle
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Wth the 2 )
o 5 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
components may have keen applied in combination with
digital processing capabilities, whereby however a
significant portion cof the functional implementaticn has
been realized by the usge of for instance capacitive and

15 inductive components in addition teo and functionally
collaborating with the digital components. Circuit
requirements that are imposed on components that are
required for analcg processing have in the past limited
the integration of such components intc 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

| nduct i ve and. 5apAGId ey GOTRABRRLS : n08Re LOLED A ADCUANCR LAl srii%.o

frequency dependent, enables the tuned circuit to either forma high
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the tuned circui i can el rej’ect “or 'pass-an y conponents
of an anal og si | base n_ the.frequen of that conmponent. The tuned
circuit can ’f‘rﬁ%ﬁf%]rzee 63& (L)FgleQd e%llgmﬁg‘l teig?’opwcﬁe?o%%?m 19nove  signal s
of certain frequencies or to renove_noise from O circuit. configuration
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be used to forma high electrical inpedance bg 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 ag electrical

10 characteristic that, dependent on and determined by the
values of its inductive and capacitive components, can
form an impedance that is frequency dependent, which
enableg the tuned circuit te either form a high or a low
impedance for signals of a certain frequency. In this

15 manner the tuned circuit can either reject or pass and
further amplify components of an analog signal based on
the frequency of that component. The tuned circuit can
therefore be used as a filter to filter out or remove
signals of certain freguencies or tc remove noise from a

20 circuit configuration that is aimed at manipulating analog
signals. 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 whilg;pRint NGB high QMal ue .far Lhe.inductor, » Conventi onal

i nductors that are created on the surface of a substrate are of a spiral

shape, wher ebyoL .20l ralad s £Ieled 1) 2n0l ogLhal ol s paraldgle 15 with

t he plane of the surface o ubstr nventi ona that are

used to creatg.fpech nduet of, on he purtace of o substipre, sulfer, several
limtations. S hlg Irnductors rorm par ol a nhybpri Vi ce

cont i gurat | on,of of  Abnol Lt e Merouave dntegrated, 20 QrcuiLe, (MM C s) or

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 c¢ircuit. 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 value
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 inductor
on the surface of a substrate suffer several limitations.
Most high @ inductors form part of a hybrid device
configuration oxr of Moneclithic Microwave Integrated

20 Circuits (MMIC’s) or are created as discrete components,
the ¢reation 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 cations, 10 IRAUGHAlS, GRN e fSkaBhf braBhe POYS] Ealgsd ey and can

therefore require a signi t surface area of t sem conduct or

bstrate. To limjt. this, | f . ' v o
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physi cal size of the inductor._ These par%siticFaiqgacitances ave a serious
t
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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 valuesg for particular applications,

10 inductors can be of significant physical size and can
therefore require a significant surface area of the
gemiconductor 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
functicnality 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 qualgf Clq L cpgonpenents difhers {rompbe quality that

e
is associated wth % %férs or resonators. %or conponents, the quality

Lﬁiéi&iﬁéé?sﬁ%ﬁé@ﬁ%ﬁﬁ * B8l &“%é?ﬁ%&ﬁ%é il asiti cs.
I'n an actual fonfl |on]éﬁ§p§re argﬁalma% sogg Q % @ resistors that
will dissipat@ tHer EereadtnF thé Boher tthat ¢an®be recover ed.
The quality factor ;gdae?lmsgdogsesleléwg ol ue_of; rgater than, 100 is
5 the energy that is stored in the reactive porticn of the
component while E1 is the energy that is lost in the
reactive portion of the component. The higher the quality
of the component, the closer the registive value of the
component approaches zero while the Q factor of the
10 component approaches infinity. The quality factor for
components differs from the quality that 1s associated
with filters or resconatcrs. For components, the qualiity
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 ke
recovered. The guality factor @ 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 ¢ value ig typically in the range

between about 3 and 10.



20 discrete inductors that are nounted on the surface of Printed Grcuit
Boards. For inductors that formpart of an integrated circuit, the Q val ue
is typically in the range between about 3 and 10. 6 In creating an

i nductor on a nonolithic substrate on which additional sem conductor
devices are created, the parasitic capacitances that occur as part of this
creation I|imt to about 10 the quality factor that can be achieved 5 for
the inductor using the conventional silicon process. This limtation is,
for many applications, not acceptable. Dependent on the frequency at which
the LC circuit is Itlestagteichd o esenater shgai hbgabityid agges: vaddies of
quality factor, such as for instance 100 or nore, nust be 10 avail abl e.

Prior Art haswhichkhiddbeemdi Mdiddnaueteat bagic¥al 4es ofcdighervigual ity
factors as separate units, and in integrating these separate units with

the surroundi pgragevi Cecdgicti-Nes Thise B%QQEegst,?gr@daénﬁﬁggscﬁ@aﬂéi&ﬁn be
obt ai ned when using the nonolithic construction of 15 creating both the

 nductor and §hie; sugs ouing Ao a0 cy0Re20f LhS: SR Senl aondug or
substrate. The non- nonolithic approach giso has the di sadvant age that
5 for the inductor using the conventional gilicon process.

This limitation is, for many applicationsg, not acceptable.
Dependent on the frequency at which the LC circuit is
designed to resonate, significantly larger values of
guality factor, such as for instance 100 or more, must be

10 available. Prior Art has in this been limited to creating
values of higher guality 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 inductcr and the surrounding devices on
one and the same semiconductor sgubstrate. The non-
mcnolithic approach alsc has the disadvantage that
additional wiring is required to interconnect the sub-
components of the assembly, thereby again introducing

20 additional parasitic capacitances and resgistive losses
over the interconnecting wiring network. For many of the
applications of the RF amplifier, such as portable battery

powered applications, power consumption is at a premium



additional wring is required to interconnect the sub- conponents of the
assenbl y, 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 [imtations to even this approach. These 5
probl ens t ake2dd wveh Yhambyraidgersy lwivt hst bessapild. Bxpomss omg dfhen rel ess
applications such as portable telephones and the |ike. Wreless

conmmruni cat i onsowsr acomapimet yoreX pardietd enark eff, puheseci becapd egratdeon of RF
integrated circuits is one of the nost inportant 10 chall enges. One of the

approaches isah@ séghificanidwer iINGLase bhephieguengycehpopeiadd asud o for
instance the range of 10 to 100 GHz. For such high frequencies, the

val ues of thetguadiiye fBGHTaORIRI ned fleome s i aﬁf&r@%ﬁd Thégwictors are
significantly degraded. For applications in 15 this frequency range,
monol i thi g i nguet P&8s NBWe& REERven 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
regearched using other than silicon as the base for the
creation of the inductors. Such monolithic inductors have
for instance been created using sapphire or GalAs as a
base. These inductors have a considerably lower parasitic
20 capacitance than their silicon counterparts and therefore
provide higher freguencies of resonance of the LC circuit.
Where however more complex applications are required, the

need still exists to create inductors using silicen 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

cumber some whilug. £ 0L d Psfpcﬁnct%o%tpgii%_a@ghgm Eﬁ%lé geot{]k?aéé QDsiwag{ & be

sem conduct or devices Is as yet a chni cal cha at needs
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recent years. §%ge of th%nﬁ% %echni%%%%cghat have been.used.for _this

approach i ncl 04e T 2% The 'Ke echVén'enDV|ngaaﬁya%t%h?%%ﬁu%ff??mf%ﬁIicon
m cr Q- nachiningg t here

underneath the inductor_(usin t hods of .
removi ng substta? & Pardsitst tor dediRGSmuft 7Pl B2 F ey er &gt ft al (such
57 challenge that needs to be addressed.

as al um num

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 thisg approach include:
- the selective removing {by etching) of the silicon
underneath the inductor (using methods of micro-

machining) thereby removing substrate parasitic effects
- using multiple layers of metal (such as aluminum)
15 interconnects or of copper damascene interconnects
- ueing a high resistivity silicon substrate thereby
reducing resigtive losges in the silicon substrate,
since resistive substrate losses form a dominant factor
in determining the Q wvalue of gilicon inductors
20 - wusing 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



15 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 i,S
G 3884

frequently used in sem conductor netallization) since 9
Al Cu has higher resistivity than gold (Au) netallization that is

frequently usedainuGads heghaelQay: £npHayi i ased WRLD snupder neat hod
spiral conductor inserting various types of patterned ground shields 5

between the spikghei RdueLog,andh § hessd 4, o ,SURSIREG ogy@nd creating an
active inductive conponent "that sinulates the electrical properties of an

i nductor as it i lied.ln active circuitry; this.approa h ver 10
results in hfghG%B&gggggngh%%§$2WF%£%t%ﬁa%ﬁﬂﬁu:hoﬁ gﬁ&rgﬁ gﬁ§?§89§grfornance

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

5 between the spiral inductor and the silicon substrate,
and
- c¢reating 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 censumption by the inductor and in
noise performance that is unacceptable for low power,

high frequency applications

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

creation of the inductor.

1¢



hi gh frequency applications The above listing of researched alternatives is
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 nductor 2) increase the frequency of the LC self-resonance thereby

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 nductor. 10 The inductor of the invention addresses the objectives that
have been |isted above and provides for a nethod of creating an inductor

t hat sharply reducese t hedusiod adfe tiueed ntvdat iba baqueseds fomet he | nduct or

The nmethod - -- 5 of the invention creates a vertical spiral inductor,
which has peshossaness chalaeld Heees 1tibatadbbber sharptyvidem tdhe
performance characteristics of a typical spiral inductor that is created

in a plane thatthsapsf abtelc Md hin tihesuthaceaef shhepsybstaates chhe
vertical spiral inductor 10 of the invention uses current processes of

mul tilevel ighefconnecls Lo, 47 6&f &8 L8t Y6 PAL! 8hAS: Pt PSR Alog

5 of the invention creates a vertical 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 spiral inductor

1¢ of the invention uses current processes of multilevel
interconnect to create the return patterns of the gpiral,
the return patterns are vertical with resgpect to the plane
of the surface of the substrate. The electromagnetic field
of the vertical return sections of the spiral inductor

15 1limit the resistive losses that are typically obtained in
the sgilicon substrate since the electromagnetic field of
these return gections ig esgentially parallel to the
surface of the substrate and does therefore not penetrate
the subsgtrate. 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

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

11



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 plianeief shbessurtagseyvoéwthe substdatzg.r hblikcgraia shows a
top view of a Prior Art horizontal spiral inductor 25. Sone of the design

paranet ers of spepaduci Qe are Rl ighted asshoh! pWeametdPsise the body of
t he i nductor and contains a conductive 5 material - 11 is one extremty of

the conductive,hedy:d0 of égg&hﬁ#ﬁ?ﬂgﬂﬂédZésa@glhéwstOr conveni ence sake and

arbitrarily, referred to as the gi'nning of the conductive body 10 of the

Inductor 10 - 12,15, a,condugtiyve gannect ot that s connestSs 1o ddi&uctive

5 material
- 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
cenductive body 10 of the inductor
1¢ - 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 bkody 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 sgspirals of the conductive
body 1¢ of inductor 25
20 - 18 is the width of the spirals of the conductive body 10

of inductor 28

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 Iength of

t he shortest s duct 0 t
view of the Pr :%o(g alAsr '?Jhetg oli]1 B lt}élgslgﬁgixfmsqgl %8Ié?d&€ ﬁq{se n%osotmgﬁ-m%
order to hlgh|l%@ |Q0ex%en5|ve de% il qﬁl t he paraneters that can be

associated with an |n8uc?or but’ nerely serves to point out the 10

essence of the Prlor Art i nductor, that is:
is the 1ength 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 egsgence of the Prior Art inductor, that is:
- the geometiric 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 contained in a plane that is
parallel to the plane of the surface of the substrate on

which the inductor i1s 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. 1 is the heéicghtsholvnedohrod . t heiti niearhe sggnemtt sddmibrcahkettineaky form
the body of the inductor 10, this height can be defined as the thickness

of the condustgvent ayetait hail liextdepasi ttedmonhehBogyrfacenof indie-tor
substrate for the formation of the inductor. The |lower surface of the

i nductor is the, surfaceofnt hend AU nebhalk LBepahatkelsd a0t hensurface of
the substrate and that 1is closest to the surface of the substrate, the

upper surfacgsRfudheyd NOUEOHag tihe stWhaees0bnt PRe1 BAHELOL of the
5 substrate for the formation of the inductor. The lower

surface of the inductor is the surface of the inductor
that is parallel to the surface of the substrate and that
is closest to the surface of the substrate, the upper
surface of the inductor is the surface of the inductor

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
cf the inductor as measured in a direction that is
perpendicular to the plane of the substrate is the height

15 o©¢f 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 gecometric shape of the inductor,
which is the shape of a spiral. The height of the inductor
of Prior Art is essentially the same along the spiral of

20 the inductor.

Us 5,936,298 (Capocelli coll. teaches process for a

Helix coil.

14



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 daduciol .cddS 3.:930, 228ucCapacehhi r &0 cat £AChES RrQCess
for a Helix coil. 14 US 5,576, 680 (Ling) Structure and fabrication process

of inductors gp §§a&&@&dy%pr SliRn RS @h\igrtbﬁ@xluscg' Yert 266 FigS. 3e
through 4c. Al'so a helix coil wth a core. S 57372,967 (Sundram -

Met hod for fa g dre d ver | trench
coi | processgé%sﬁgé%84839e9oﬁrtgu%%hartza‘g{éoaﬁ ggﬁ%mgég%\? @h £ %éli:/égrtl cal
coi |l 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 coll process.
SUMMARY OF THE INVENTION

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

substrate.

Ancother objective of the invention is to create an
20 inductor on the surface of a silicon semiconductor
substrate whereby the electromagnetic field of the
inductor has sharply reduced resgistive losseg induced by

the underlying substrate.
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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 inductor on the

surface of a silicon semeductartn suRstdkeriThe bAdugt ointen®fcspi ral
desi gn, whereby the 5 plane of a cross section of the inductor that

reflects the ngpi hatn8gsh o Kt dnductoiiiseperpendheulatat oot her pl ane
of the underlying substrate. The first enbodi nent of the invention

provides a nEéﬂognﬁﬁcﬁéfagﬂrﬁhéiég?ﬁéééﬂof %DEE%ECEHdHS&QEOM@&ghépin
conductor width. The second 10 enbodi nent of the I nvention provides a
method of creghing: .8 Vertd calafRdAli J IUEEIL W kB TPLN GO0GUGS or, i dth
5 plane of a crogsg secticon of the inductor that reflects the
spiral design of the inductor is perpendicular to the
plane of the underlying substrate. The first embodiment of
the invention provides a wmethod 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 spiral
15 inductor with wide conductor width. The fourth embodiment
cf 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 wvertical 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 mnent 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 wi dth whereby ferromagnetic
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 vertical spésedohnstictQr s ddhatar e teeniectedhi Bnssdi kst Wherehy
ferromagnetic material is incorporated in the 16 creation of the inductor.

The seventh ephodi et of e o if%\fe%ieogrea%ﬁeéffgrvép@i&%fagﬂl%lof a

vertical spiral inductor that has a construction of protruding spirals.

The eighth ?"Pﬁ&’x:l&?&} @ﬁaf}[ hf}gaté %V%%tnis%’}u%g?‘ébftgﬁ %9%1:%@&1? cigation of a

vertical spira nduct or i's conbi ne orizontal spira

i nduct or mhergﬁg ;grrggggnetﬂc nagﬁrk%]siare gngorgora{$d Lg tqﬁ?creation

of the verticor® Tratict orKHEREEY Che T ADSRERF S8 pht &l THAULT oro 1S

verl ayin he verti cal iral .inductqgr. The ninth

overtay % t gre§t£o£%15%9\m%tica sﬁgral inductor that is combined
with a horizontal gpiral 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 a

vertical spiral inductor that is combined with a
horizeontal 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 DESCRIPTICN OF THE DRAWINGS

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

20 spiral conductor.

Fig. 2 addresses a vertical inductor ¢f the invention

that uses thin conducter 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. BRIEF 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
thin conductor width, as follow 17 Fig. 2a is a right hand extended

t hr ee- di nensi onal Fid eve0fid e ndefhiti Gahdi asuehaedofhtde-dimvemdi@mn th a
smal | conductor width. 5 Fig. 2b shows a top view the vertical inductor of
the inventioniwktdf aiserald riGerduGheicwodt B Ehg. iRG=SHOWs @i ass section
in an Y-direction of the vertical inductor of the invention with a snal

10 conductor whath. Fhd@:icr2d- Shews, a cross section in a Z-direction of the
vertical inductor of the invention 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 section in an Y-direction of
the vertical inductor of the invention with a small

10 conductor width.

Fig. 2d shows a cross 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
ferrcmagnetic material is incorporated, as follow:
20 ¥ig. 3a i1s & 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 w 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 VM? 215 M dys GORY, cLak w"\ﬂtfltehv@@ﬂ@@y I&E&&i@zgfl%'t%e

material is 1incorpo ated 10 Fig. 3d shows Cross section

Y-direction OI%V\%\IE:; tcfi"" LdyGt of, n%EaEQ% }«Q&@H%Q@r% n a smal |

conduct or w dt erronagnetlc materi a ncorporated. 15 Fig. 4
is a right hanrextendgg thrq@ di_mensi onal

rémagnetic matérial 1§ incorporated.

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

incorporated.

190 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 inducteor of the invention with a

large conductor width.

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

incorpoerated.

19



view of the vertical inductor of the invention with a |arge conductor
width. Fig. 5is a right hand extended three-dinensional 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 inductos of dfgeskd RVeRLkoRaMeheRy bW Feftd calvahifal
i nductors are connected in series. Flg. 6¢c shows a cross section in an

X-direction ofnetde, vierd i\galeinduy qrragf _ihaﬁckeygngkgncmé&gadtivw 15
vertical spiral 1nductors are connected in series. Fig. 6d shows a cross
section in ansg;gééecéécgblfow,the vertical inductor of the invention

whereby two vertical spiral 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
10 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 ferromagnetic material is
incorporated. 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

i nductor progressively protrude from the body of the inductor. Fig. 8b

shows an expabdeditht egp th-AENSipRaloacks dennki-ewyof nas¥erts caheddyluct or
of the invention whereby the 15 spirals of the inductor progressively

protrude fromtbenePpedye Of et NnddHIUC! Ohna tRirg 218G <SHAWE  Bo£5 0SS, Section in
an X-di mensi on of 3 ve?ti%al inductorrﬁﬁ thg'insentioﬁaahereby 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

piane of the inductor, as follows:

Fig. 8a shows an expanded three-dimensiocnal front
side view of a vertical inductor of the invention whereby
1¢  the spirals of the inductor progressively protrude from

the bedy 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 gpirals of
20  the inductor progressively protrude from the body of the

inductor.

21



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 hori zbiy al 9 spidadsdarduct dhdustoennéctbd invaeties widrdeby
vertical spiral inductor. Fig. 10 addresses an inductor of the invention

wher eby a conyesbdhomat i hedl 2eitidlonsRill dbiraduehatct 5r20s cosru 11ech Witdh a
vertical spiral inductor of the invention whereby the horizontal inductor

is located inatherplade ffirdhedRpdayer ehet Rav¥gEibgalné Yt Qe as
fol lows: 22 Fig. 10a shows a three dimensional expanded right = hand view of
an i nduct or 0ﬁo£b§oﬁ@¥fnfﬂ&ﬂbﬂﬁ?”éﬁ@%l%ys the vertical inductor, as

5 follows:

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

10 spiral inductor.

Fig. %b 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 spiral inductor.

Fig. 10 addresses an inductor of the invention

whereby a conventional horizontal spiral inductor is
20 combined with a vertical spiral inductor of the invention
whereby the horizontal inductor is 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
plane of the top layer of the vertical inductor. Fig. |ob 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 RREFERRED JVBED-MENESAThen p1 O£ Se0baridwes ixnveent i on wi | |
be highlighted by concentrating on the geonetric and constructi onal

details 20 ofhamdesLdeaif ot afndile drndictae ohvéMe biwediaR, Processing
steps that are required to inplenent these structural details will not be

highlighted fRs 1288005 Ofi ra8i MRIGCILY W@I lcsnh@c@éi@liﬂl Ol £ 185 6, OGESSI Ng
steps are 23 well established in the art. Anbng these processing steps are

steps of depo§é£££&blf@ﬁ%ﬁ%fﬁlﬂﬁdﬁt%%t%h%r@BQ Efthermore the

5 horizeontal inductor is leocated 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

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process of the invention will be highlighted by
concentrating on the gecmetric and constructicnal 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
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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 would 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. 2ais a wkyhteheag) exiended diy eerdi mpBSLOBAEseVhEYLOEs1he sasid cal

i nductor of the invention wwth a small conductor wdth. 20 In order to

facilitate therfokt oMk ngr ASGUSSIORS 1608 s baMuhibaEcEPNECREA Ofhe
t hree-di nensi onal Cartesian coordinatés is briefly discussed with an

enphasi s on hou  these, caas dinaties, W | ke used;forthe sublect,di scussion.

24 The Cartesian coordinates as used herein have three axis, the X, Y and

Z-axis Mherebaiébgcéggéewﬁ@?é%?”kﬂ%@%hc%%n&%%s are aligned with

5 underlying patterns. To include these processing steps in
the description of the inventions would reguire 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. 2Za
through 2d address a vertical inductor of the invention

that uses small conductor width.

i5
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 facilitate the following discussions, the

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

these ccordinates 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 coordinates
intersect in one point, which is considered the geonetric center of the
Cartesi an coordi nates. 10 Wiere 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 thaheiGadte peapernshelilrait ets0 alsh@ssdr hace:inf nhhe swbss raties, This
nmeans that the body of the inductor has been rotated by 90 degrees, which

alters the meanténg, of dihe canceptyfredynduet ahghei phtwtbathas beathe
highlighted in Fig. 1 for the Prior Art inductor. That paraneter of Fig. 1

now 20 becomesyrgelestOs they G degnpes et atdian;of o bh§e§£§@§ Ofne L&ng
i nductor, the thickness of the |ayer of conductive erial that is used

to create theyipductor. Whis wdle 5eGOTR aRRAReRt HYrA £LOS&,£XAM nation
of the three 25

5 the substrate on which the inductor will be formed, the 2

axis 1is therefore perpendicular to the plane of the
substrate. The three axis of the Cartesian cocordinates

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 gsurface of the substrate. This means
that the body cof 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 %0 degrees rotation of the plane of

the inductor, the thickness of the layer of conductive

material that i1s used to ¢reate 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 pananei@isl thaiw ajfe tofe iimPortancert ohé hentvdmieton diwensizonal
view that is showmn in Fig. 2a are the 15 follow ng: - the horizonta

conductors of ghéen Ve tiical &pi rmile thRdctarthayenbeesrammbes£d- i ng even
nunbers, starting wth the | owest |ayer and starting with the nunber 22,

these horizongabe S, ane AReieloLeel BnsfAUERCENL0: SpRAULL Or S 22, 24
26, 28, 30, 32 and 34 -the vertical conductors of the vertical spiral

i nductor, = al fgndetented 4o Ay ! he cqaneat Lagendehor sn: NaYs: besy.

nunber ed usi ng uneven nunbers,” starting with
5 2a that a cross section of the inductor taken in a plane

that is parallel to the Y-Z plane indicates the gpiral
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 resides.

The parameters that are of importance to the three
dimensional view that is shown in Fig. 2a are the
15 foliowing:
- the horizontal conductors of the vertical spiral
inductor have been numbered using even numbers, starting
with the lowest laver and starting with the number 22,
these horizontal conductors are therefore in sequence
20 conductors 22, 24, 26, 28, 30, 32 and 34
-the wvertical conductors of the vertical spiral inductor,
also 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 fornms 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 fornms the body of the inductor - 25 is the

di st ance bet weendaslacenid layarsmf with easduohbye Bl ethede and - 26" isS
the dielectric that is deposited between the adjacent |ayers of conductive

material . Thenbay£snl idordigddisSlaraydkrkhakei $nCE@hotd Nedhatdayer of
dielectric. The technology that is used to create layer 22 is the

conventional pechnpl ogy that ds sedqto create interconnect lines in a
| ayer of

- 20" is the length of the lower layer 22 of the
5 conductive material that forms the body ©of tThe inductor
- 21" is the width of the lower layer 22 of the cenductive
material that forms 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’ 1is the thickness of the conductive material that
forms the body of the inductor
- 25’ 1s the distance between adjacent layers of
15 conductive material, and
- 26’ i1s 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 nmay 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 capibecachievgdefofo the, imductor Lof Briek1,Abh shace the
el ectromagnetic field of the 1nductor of the invention that is shown in

Fig. 2ais essentiiably opanallelcterdher sy ase dleathie WRderlyingesubstrate

and 15 therefore does not intersect to a si‘gnificant degree wth t

surface. O Trpagl ance Lo Lheaptocess, of (Lhe Jauention s Lhe cegeapion o

the first or |owes yer o € connecting VI as ( fter |ayer
22 has, Doen { o S 25 Lot 8o, 208V, AnERGnE Lok o dLgleell e
5 layer of dielectric is deposited before the layer 22 is
formed in a second layexr of dielectric, the body of the
inductor is further removed from the underiying silicon
gubstrate thereby reducing resistive logsses that are
suffered by the electromagnetic field of the inductor.
10 This reduction is however not as proncunced 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 significant degree

with that surface.

Of importance to the process of the invention is the
creation of the first or lowesgt 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
conduct ors 21santigisthatilowerdrmedthed igosidugpemeEngs &hdt 31 hbve lheen
created in the second |ayer of dielectric for the connecting conductors 21
and 31. This processtiss skepaat ddyyear eat iang icheeeasgnghy sapdt ez2 opent ngs
for the horizontal conductors. The spiral shaped body of the 15 inductor

can in this mansewidehcreat ethe adreled he ltenvelkeobndt heyspi sal of the
i nductor that is created in this manner is higher than the center of the

spiral of thediptystdic. the NId7ZONAleCUFIUGLILSLLDEr BASC, ! hStZeedH form
the wupper part of the spiral, all the while creating 20 overl ayi ng
openi ngs fpr tRAg: COPRSLti NG FANANGION N @B stance 25’ between layer 22
and the overlying layer 24. The process isg 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. Thig process is
repeated, creating increasingly smaller openings for the
horizontal conductors. The sgpiral shaped body of the
15 inductor can in this manner be created, after the level of
the spiral of the inductor that is created in this manner
is higher than the center of the spiral of the inductor,
the horizontal conductors increase in size to form the
upper part of the spiral, all the 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 i'nductive 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 1is inportant to

di fferenti at efbatwelen spauirey oftwsee! itdrs coafiutbersndactne, iasudoldeons: 1)
the | ower horizontal conductor 22 is created first and as indicated above,

no steps of repetil) omar®dnvalved dahttelbihBerereahbofoffiubayes 441 2) once
the | ower horizontal conductor 22 has been created, the | ower section of

t he i nductor {gecigated i werg dhe dower,.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 timesg 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 sgections
of the inductor, as followg:
1) the lower horizontal conductor 22 is created first and
as indicated above, nc steps of repetition are involwved in
15 the creation of layer 22
2) once the lower horizontal conducter 22 has been
created, the lower section of the inductor is created
where the lower gection of the inductor is the section
that is between the surface of layer 22 and below vertical
20 interceconnect 27. This process of creating the lower
section is a repetitive cycle whereby horizontal

conductors of decreasing length are created cverlaying
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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 | ower section has been created, the first input/output connector
28 is created by creating the 5 vertical interconnect 27 (which connects
the first 1/0O 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 uppekayetO23edtiiion dts dhre sseet itdmet hatat snochsedf detvieen t he
surface of the first 1/0O connector 28 and the top surface of the | ast

hori zontal coaduei®ioBZf Hiis Wyacess ebnaueabirbgzt he2z ypperaseciion is a
repeat process whereby horizontal conductors of increasing |length are

created that gyesfeyr lnd hevldy HeddiOrconResken 28eubihe atethersane tine
creating vias that serve as extensions of vertical conductors. The

process of creabhpBodfiSiRREIMSEH O Qs Lheakeki X, cotbar Usgschbe creation
of dual damascene patterns where the trench of the dual damascene pattern
forms a hqgi29@£@ical interconnect 27 {which connects the first I/0
connector 28 to the gpiral ©f the vertical inducteor) after
which the first I/0 connector 28 is created
4) after the first I/0 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/0 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/0 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 dval 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 depogiting 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 I/O 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. Fromthe above it is clear that some of
the processi Ageegelescf orrehieing eat iqperdhat e vérisi davesppfal 10 are one
tinme cycles while others | ead thenselves to repetition to the point where
certain sectidnsleftthe thaduct orschave eanccanphet edcohtl Tgcf urt her of
interest to notice that the view of 15 the vertical inductor that is shown
in Fig. 2a iscannéghdr bantheiemwoifnihe vierduebar cohBambhi s1i thdoliows t hat
vertical conductors can be differentiated between right hand vertical

conductors andpl ebt t hagdpyekit | £alyetCRAUCRNLS Bl HRPHLANEEng VT dd&dtla
conductor 31 is a
5 layer of dielectric and patterning and etching the second

I/0 connector 34 in thig gecond layer of dielectric.

From the above it is clear that some of the
processing cycles for the creation of the vertical spiral
10 are one time cycles while others lead themselves to
repetition to the point where certain sections 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 cenductors 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 conducteor 21 is a left-hand

vertical conductor that overlays the surface of layer 22
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20 right-hand vertical conductor that overlays the surface of |ayer 22 on
a right-hand vertical contact area in the surface of |ayer 22, vertical
conductor 21 is a left-hand vertical conductor that overlays the surface
of layer 22 32 on a |left-hand vertical contact area in the surface of

| ayer 22. It is finally interesting to note that the coil- |ike nature of
the i nductor becones clear best by starting wth the first 1/0O connector
28 and fromthere following 5 the alternating vertical and horizontal
conductors in a clockmﬁse rotation until the second 1/0O connector 34 is

reached. Fig. 2b sﬁ]@ p,ewtqw h%o\e%t:kcgkegnﬁwcwé &Li( & c;JfO

invention wt con uctor MA e top view 1s en In t e

direction of QZ%zZ fﬁéosrt 1@atf1nsall?/0klln@%rg§\§@ ng @atxtﬁ&-zéj El‘f S '1h-e

substrate, the Ki'ng down on ane
connect or vi si bl e, as i.ndi cat 15

i he |/ '
Db 5 26 hbSE I RE G BRgttrat Retoar: CheT e St el fid ﬁtol ng at

;PSeX;Feajgﬂgwgéquég g%?stfifg“%oﬁﬂgcigt Egdggéofrgé éﬁgzér%%{géégkg.The

5 the alternating vertical and horizontal conductors in a
clockwise rotation until the second I/0 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 22 and 23’ are visible as 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
shown 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
previougly been indicated in Fig. 2a and that form the

inductor of the invention. The conductor height 277 1is
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shown hi ghlights 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 the invention. The conductor height 27" is 33 also
i ndi cated. Underlying the body of the vertical inductor of the invention
is the silicon substrate 10', a layer 15 of passivation material is
deposited over the surface of the conpleted vertical inductor of the 5
invention. Fig. 2d shows a top view taken in the Z-direction (that is

| ooki ng at thelXoYiphanered, Rile2d)inef thebospi bal thadugtorcof the
invention. The regions that are 10 highlighted in Fig. 2d have previously

been identifiedauéhst Udk nghd herdirglieet 15isC t268' sthatohsshreseate begmeen the
conductive material that fornms the body of the inductor. Layer 22 is the

| 'ower hori zoni gle£onduc oy, d axel: 3¢ 'n%tetrﬁglli@@e&eﬁeék%@@t@vef%@émt or.
Layer 28 is the inner 15 conductor. Fig. addresses a vertical 1 nductor of

the inventiong,}hat. UsesS0eldy, sonduety, twceltl iWheLERY Eprihermore

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 previcusly been identified
including the dielectric 26’ that ig present between the
conductive material that forms the body of the inductor.
Layer 22 is the 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 egsentially the same as the views

of the spiral inductor of the invention that have been
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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 same as the views of the spiral inductor of the invention
t hat "have been 34 shown as Figs. 2a through 2d with the exception of the
addition of the layer 36 of ferromagnetic material. Fig. 3a is a right hand
extended three-di mensional 5 view of the vertical inductor of the invention
with a thin conductor w dth whereby ferromagnetic material 36 is

i ncorporated. The sanme nunbering schenme and rel ated designations that have

been shown i ngib@n 22 BRR Y 40 thr@ugda 2w mmthh@h§X@£@é¢]@fb@foﬁ he,dar anet er
36 for the added 10 ferromagnetic material. Fig. 3b ows a top viewthe

vertical indugh@l ofy the vieRtd,0n W fch f%rEBthﬁQQQH%QEeMQE h wher eby
ferromagnetic material 36 I's incorporated. 3c shows a cross section

in an X-direction of the vertical inductor of the invention with a thin
conductor wi dth whereby ferromagnetic material 36 is incorporated. The
same nunberi ng schﬂ“@ asnd rel at ed

is 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 ferrcomagnetic material.

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

i5

Fig. 3¢ shows a cross section in an X-directicn of
the vertical inductor of the invention with a thin
conductor width whereby ferromagnetic material 36 is
incorporated. The came numbering scheme and related

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

ferromagnetic material.
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20 designations that have been shown in Fig. 2c apply to Fig. 3c wth the
exception of the paraneter 36 for the added ferromagnetic 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

t hree-di nensional view of the vertical inductor of the invention with a

| arge conductor width. The artwork that relates to the third enbodi nent of
the invention is essentially identical 10 to the artwork that has been

shown as Figs. 2a thgough 2ebws the S Rerhen g sahenB; 286 1 &h ajed
desi gnations that have been shown in Fig. 2a apply to Fig. 4 with the

exception of the parapeler;38.ccHie Assent Iﬁk,e%fltﬁr RRER abehygen the
vertical spiral of the invention that is showmn 15 in Fig. 4 is that the

conductor wi dth,.3 F 4 r e conduct or
wi dth 21" that ?S§c9%0m%9?%héﬁh&x%ﬁPQ%%%g %%%5§geg?%e%g%guc?or wi dt h has
as effect th@ﬁcgpsoggggéronagnetlc field of the vertical

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., Thig increase in conductor width has as
effect that the electromagnetic field of the vertical
spiral inductor is further concentrated resulting in

2¢  1improved performance of Q factor, inductance and

performance at hicher frequencies, even though thesge

improvements are achieved at the cost of a slightly

increased surface area that is required for the creation
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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

i ncreased surface area that is required for the creation 36 of the vertica
spiral inductor of the third enbodi mrent of the invention. The device
configuration of the vertical spiral 5 inductor of the invention that is
shown in Fig. 5is identical to the configuration that is shown in Fig. 4
with the exception of the addition of ferromagnetic nmaterial 40 to the

I nductor. The, Ee{$8?ﬁgﬁ%%£sp| %%1ahnd%ct09t8%99 dtgf% Shysdgaldy

adj acent |l ayers o construction an conpl e y or partlally
t akes the plgﬁe of the dlelectrlc 26' of Fig. 4. Fig. 6 addresses the
fifth enbodi nent of'The'© nvention, 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 enbodi nent of the invention, whereby narrow
conductor width IST%%E@FV%ﬁe configuration of the vertical spira

5 ~inductor of the invention that is shown in Pig. 5 is
identical to the configuration that is shown in Fig. 4
with the exception c¢f 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 second embodiment of the invention, whereby narrow

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

whereby wide connec¢tor width is used of the fourth
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t he second enbodi nent of the invention, whereby narrow 20 conductor w dth
with the incorporation of ferromagnetic material is used or the third
enbodi ment of the invention, whereby wi de connector width is used of the
fourth 37 enbodi ment of the invention, whereby w de conductor width wth
the incorporation of ferromagnetic materials is used. Fig. 6a is a right
hand extended three-di nensional 5 view of vertical inductor of the

i nvention whereby two vertical spiral inductors are connected in series.
The first vertical inductor 42 is connected to the second vertical

i nductor 44 bymosansenf dheciserirgetapRECkaerd8y wihe bopahcend wutgput
connections to the two vertical 10 spiral inductors is provided by the

connectors 46wand di6e . indhibobl iShows @e&@@m&%ﬁ@t&hemaeéﬂgﬁé isducdor of
the invention whereby two vertical spiral uctors are connected in

series. The various conponents that nmake up 15 the subject construction
have previously been highlighted and are highlighted in Fig. 6b. Fig. 6¢C

shovs a cross Sectpog | . % ol oD oL biRcNeLhLeal ol nduet gr. of the

i nventi on whereb 20 vertica pira uctors are connec series.

The 5  wview of vertical inductor of the invention whereby two

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

10 spiral inductcrs 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 cf the invention whereby two
20 wvertical gpiral inductors are connected in series. The
various components that make up the subject construction
have previously been highlighted and are highlighted in

Flg. s&c.

38



vari ous conponents that make up the subject construction

been highlighted and are highlighted in Fig. 6¢c. 38 Fig.

have previously
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 1is

a right hand extended three dinensional view of verti cal

i nductor of the

i nvention whereby two vertical spiral inductors are connected in series
whereby furthernore ferronagnetic material is incorporated. The first
vertical spiral inductor 50 is connected to the 10 second vertical spiral
i nductor 52 by neansgofed hehSes LT r&eNReectebn58n hAPYL 4oBEPEiceaiect ors
to the two vertical spiral inductors is provided by connectors 54 and 54'.

Mil ti-layer fereopegpetdic Mdeiidl dhathchasReenon Rearesyated into each of
the two vertical spiral 15 connectors is |abeled 58. Fig. 8 addresses the

seventh enbod,gppicof Lherail NUERIdiYbs %Q%tCbﬁn@@thdEEtQEIQésthe | nvention

whereby the spirals of the inductor protrude fromt
the inductor. This construction of the vertical

e vertical 20 plane of

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 547,

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 inductor of the invention whereby

the spirals of the inductor protrude from the vertical

20 plane of the inductor. Thig construction of the vertical

spiral inductor further amplifies 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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spiral inductor further anplifies the magnetic field that 1is concentr
around the geonetric center of the inductor, thereby increasing the Q
val ue of the inductor. 39 Fig. 8a shows an expanded t hree-di nensi onal

side view of a vertical inductor of the invention whereby the spirals
the inductor progressively protrude from the body of the inductor. Th
protruding layers of the 5 vertical inductor are | abeled 60, 62 and 64

wher eby t he

protrudi ng feature can be observed by noticing that

at ed

front
of
e

significant surface areas of these |layers are not aligned wth the top

surface 66 but extend fgomides hode.@hntiBe c¥eELigaheSBisRh1 I pelGt or by a
nmeasur abl e anount. 10 Fig. 8b shows an expanded t hree-di nensi onal back

view of a vertigalyidductof af, dhesi nyentian wﬁeEEleﬁbént§£%r@ﬂé%éﬁythe
i nductor progressively protrude fromthe body of the inductor. The

protruding tUE]Eé Q%;f}i‘ﬁ s SPE rale ;ﬁ%dd&@%“rt %&o%&%s@?‘(}’e Zﬁ?&f:?un;ié/ AL gden

view by the b

e vertical spiral uctor I nput / out put

Con.neCt ors 68¢1§§ bc?cﬁf 8% e&{é yiﬁ/c{ t%lre Tﬁlegpr%%rugg\x’l\% ?ayé?SSO]?e&% on |

X-di nensi on o

5

10

15

20

vertical 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 56 but extend from the body of the

vertical spiral inductor by a measurable amount.

Fig. 8b ghowg 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
inductor are now eggentially hidden from view by the body
of the vertical spiral inductor, the input/cutput

connectors 68/68' are clearly visible.

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

body of the inductor.

40

si de

from

n an



20 vertical inductor of the invention whereby the spirals 64, 66 and 68 of
the i nductor progressively protrude fromthe body of the inductor. 40 Fig.
9 addresses an inductor of the invention whereby a horizontal spiral

i nductor is conbined with a vertical spiral inductor whereby the

hori zontal inductor overlays the vertical inductor. 5 Fig. 9a shows a

t hr ee-di nensi onal expanded right hand view of an inductor 70 of the

i nvention whereby a horizontal spiral inductor 72 is connected in series
with a vertical spiral inductor. Further shown in Fig, 9a are 10 the

| nput/out put connegid 0Ny POI Mt Ss ks TQf AR YBHL beakpel RAYEHOL on LG aKeT S 76

of ferromagnetic material that has been inserted between the spirals of

e Ut or o figes SORS ouh Al SODRRLLoD PRLALSAER folnt heyherizont

i nductor 72 and the p0|nt i'nt erconneét ween

t
i nductor 70 ap I ZG ont al uct or Q a cross section
taken in a plaﬁ %ﬁ né?% %Hﬁ%ﬁﬁaéhFar &hFﬁZPﬁgaéur §88¥§¥ he Ofr?{:f%rlylng

substrat e of gﬂelgdu {OH}ﬁné£g%égwentlon wher eby a

5
Fig. 9a 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. %a are

10 the input/output connection points 74 for the vertical
inductor, the layers 76 of ferromagnetic material that hasg
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. Sb 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 inducter 70.
Fig. 10 addresses an inductor of the invention

whereby a horizontal spiral inductor is combined with a
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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 spira

i nduct or 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
di nensi onal 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 whereby furthernore the horizontal inductor is

ocated in theplang ofoLhg Lop AR dayee byt BReVALLL £ahe AN duchRleor

| nput / out put connecti or the horizontal spiral 1 nductor 72 are

i ndi cated as . are_input/output connect f e veriic pir-.a

i nductor 70 oi‘gt14?1‘%é${r2€\"/(§enjtrll otﬁq.e f%al%l%g%tfl gggsgéﬁsgéy%?ogg é%éct‘l%orné%da len in an
X- direction in.a $Iane tE@t iségerpendicular with the surface of the
under | yi ng subStYRI¥ of*am 9ndli&or 70 the invention whereby a hori zontal

spiral inductor 72 connected in series with a vertical spiral inductor 70

5 Fig. 1l0a 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 gpiral inductor whereby furthermore the
horizontal inductor is located in the plane of the top

10 layer of the vertical inductor. Input/output 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 a crogg section taken in an X-
direction in a plane that is perpendicular with the
surface of the underlying substrate cf an inductor 70 the
invention whereby a horizontal spiral inductor 72
connected in series with a vertical spiral inductor 70

20 whereby furthermore the horizontal inductor 72 1s located

in the plane of the top layer of the vertical inductor.
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20 whereby furthernore the horizontal inductor 72 is |located in the plane
of the top layer of the vertical inductor. 42 Al though the invention has

been described and illustrated with reference to specific illustrative
enbodi nents thereof, it is not intended that the invention be limted to
those illustrative enbodi ments. Those 5 skilled in the art will recognize

~that variations and nodifications can be made wi t hout departing fromthe
spirit of the invention. It is therefore intended to include within the
invention all such variations and nodifications which fall within the

scope of the appeqﬁﬁkéggﬁﬂéﬂéﬁ;ﬁﬂg%éqggjKg%egggntgggﬁgib%?1€%§3 Claim 1

A structure of a verti spi nductor having a el g havi ng a
direction, haying.a yidih Ve havina a5 di rection. ang,baving,a length Le
having a direction,” and a = body er epy “sai ody of “sard spiral conductor
is bounded le t%ﬁﬁse a in pl.ane that is,_perpendicular to said
surface of safBERRbATToE e HGFRE ot SeurPhce R BT papRt Che ' fufdifion

be limited tc those illustrative embodiments. Those

5 skilled in the art will recognize that variations and

modifications can be made without departing from the

spirit of the invention. It is therefore intended to

inciude within the invention all such variations and

modifications which fall within the scope ©f the appended

10 claims and eguivalents thereof.

15
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surface, whereby said vertical spiral conductor can be 10 created on a

surface of

cont ai ning: a base horizontal conductor that is a horizontal conductor
that is |ocated closest to said surface of said substrate when conpared
with all other horizontal conductors; 15 a section of |ower horizontal
and a section of upper horizontal conductors overlaying said

conductors

a silicon sem conductor substrate said surface having a pl ane,

base horizontal conductor whereby all horizontal conductors including said
base horizontal conductor are separated by a space of height Hs in a

direction that is perpendicular to sahdiR0 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

hori zont al

sai d | ower
conduct or

connectors
connectSto

10

15

20

44 conductors can be divided in | ower horizontal conductors

upper hor i &C?nga'stgﬂggggé%%ia%éigsaﬁf TRLLQULDILSRE! LD hgeat ed bet ween

uctors containing a horizontal

. ded width that_ sel . f .t ' oyt put
S R Chr YA it 1ot adieon > a KBtk ke Boi nt of

an sal per hor 1 Zon

aid | ower horjzontal . , .
direction, ang havgng a length Lc¢ 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 conducter can be
created on a surface of a silicon semiconductor substrate
gaid 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;

a section of lower horizontal conductors and a section of
upper horizontal conductors overlaying said base horizontal
conductor whereby all horizontal conductors including said
base horizontal conductor are separated by a space of
height Hs in a direction that is perpendicular to said
surface of said substrate whereby a plane in which said
horizontal conductors are c¢reated is parallel to a plane of

said surface of said substrate whereby said horizontal

44

and
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conductors; a second input/output section containing a horizontal 10
conductor that serves as one of two input/output connections to the spiral
i nductor; and vertical connecting conductors separated by space Hs whereby
a plane of said vertical connecting conductors is perpendicular to said

pl ane of said horizontal conductors 15 whereby said vertical connecting
conductors establish electrical contact between horizontal conductors such
that - a conbi ned configuration of said horizontal conductors and said
vertical conductors forns a spiral. 20 2. The structure of claim1l wherein
each of sal d_Rgri,zontal o, SoN0UEl A8 LOMPRIBES 8. 6o0duet oL L&0OL LA i
said direction Lc and i h™a pl ane Fat i s paraP el "'to said surface of said
substrate; 45 conductor sidewalls in a direction of said conductor length
and in a pl afi@“t H8YTs ?Eﬁ?ﬁﬁﬁ%%nﬁ%ﬁ Y548id surface of said substrate
henceforth referred to as, | engthw se , horizontal conductor, sidewalls;.5 a
conduct or mﬁatﬁlﬁﬁFihn%g%éﬁ%FéﬁqeﬁﬁqQ%?nw&ogﬁﬁeanbﬁtﬁﬁﬁﬁesaf%afOV%r65?%IIe

to said surface of said substrate whereby o
sald upper horizontal conductors containing a horizontal

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

a second input/output section containing a horizontal
io conductor that serves as one of two input/ocutput
connections to the spiral inductor; and
vertical connecting conductorg separated by space Hg
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 ceonductors 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 said substrate;
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said conductor width Cwis smaller than said conductor |length O;
conductor sidewalls in a direction of said conductor wwdth 10 and in a

pl ane that is perpendicular to said surface of said substrate henceforth
referred to as wi dthwi se horizontal conductor sidewalls; a conductor
thickness Ch in a plane that is perpendicular to said surface of said
substrate; 15 a conductor upper surface in a plane that is parallel to
said surface of said substrate whereby said conductor upper surface has a
geonetric shape of a rectangle; a conductor |ower surface in a plane that
is parallel toendsatdrssrdacel nf Said Guksiriahe otherebycsaddccondustigrh | oner
20 surface has a geonetric shape of a rectangle; and vertical interconnect

surface areasntihah QCEURYe ORRASI NG peddiRITiclings eb shiResusakdeconduct or
upper or |ower surface of said horizontal conductor in a direction of

width of 46 said BebzeNtal n&ANOUOHAT S MELRBY r8akd YERLEARLsei Nt erconnect
surface areas are used to establish contact wth said Vertical connecting

conductors. B.3i Jhe,steyet W &,.0fs Aalm L wherein said horizontal

5 a conductor width Cw in a sald direction Wc and in a plane
that is parallel to said surface of said gubstrate whereby
said conductor width Cw is smaller than said conductor
length Ci;
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 conducteor sidewalls;

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

15 a conductor upper surface in a plane that is parallel to
said surface of said substrate whereby said 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 occcupy opposing

extremities of either sgaid conductor upper or lower surface

of said horizontal conductor in a direction of width of
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conductors contain a nultiplicity of horizontal conductors whereby: al

hori zontal conductors are of equal wdth Cw therefrom excluding said first
and second i nput/output conductors; 10 all horizontal conductors are of
equal thickness Ch; points of intercept of diagonals of said rectangles
that formsaid geonetric shape of said upper and | ower surface of said
hori zontal conductors are |located on two lines that are perpendicular to a
surface of said substrate whereby a 15 first of said two lines applies to
hori zontal conductors that are | ocated bel ow said first input/output

section of said MEEtLGAaSRIdAdAUCt AL REr 8BY i Deluding said base

hori zontal conductor while a second of said two lines applies to

hor! zontal coRAUELOhacLNal A Ld ARALRD BROVE A0 Bak Ll oLy DBILL OUT DUt

section of said vertical spiral  ‘i'nductor; a space Seéparatés adjacen

hori zont al conchEgrg therer i ncl udi.n sai% b%se hori zontal conductor; 47
. WL vertlcal gonnegc condu ¥, . .
a horizont al "¢ondietor ' that“Ts TUrtHest ™ emoved Fréom said surface of said

substrate when conpared with all other horizontal conductors henceforth
referred to as a second

5 3. The structure of c¢laim 1 wherein said horizontal
conductors contain a multiplicity of horizontal conductors
whereby:
all heorizontal conductors are of egual width Cw therefrom
excluding said first and second input/cutput conductors;

10 all horizontal conductorg are of egual thickness Ch;
peoints 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 perpendicular 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 horizcontal conductor;
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i nput/out put horizontal conductor; 5 a nultiplicity of |ower |evel

hori zontal conductors overlying said base horizontal conductor that are
equal ly spaced between said base horizontal conductor and said first

i nput /out put section whereby said |l ength of adjacent horizontal conductors
starting with a horizontal conductor 10 that is adjacent to said base
hori-zontal conductor is reduced up to a point of height where said first

i nput/output section is reached; a first input/output horizontal conductor
separated from said |ower |evel conductors by a space of height Hs and 15
over |l yi ng sardhbowesnt&Vvetoribrdzontdlatcdrddctr-oaheswhirehoiredt hadtm hefizont al
conductor that has a smallest horizontal conductor |ength when conpared

with all othenrbatézontedia canshictors wier ebypbireawvdth @i 1satHet nner nost
hori zontal conductor is extended said extension to serve as a first 20

i nput / out put heenBest & PNeddu b MIddGRr tsPireakbrkBdUEL0Ls sakdabid St
i nput/ out put horizontal conductor being connected to said |ower |evel

horizontal copdueyQhispudSad Bt dd Pl i ddadnebypper |evel horizontal
conductors overlying said first 1 nput/output section that are equally

5 a multiplicity of lower level horizontal conductors
overlying said base horizontal conductor that are egqually
spaced between said base horizontal conductor and said
first input/output section whereby said length of adjacent
horizontal conductors starting with a horizontal conductor

10 that is adjacent to said base horizontal conductor is
reduced up to a point of height where gaid first
input/output section is reached;

a first input/output horizontal conductor separated from
said lower level conductors by a space of height Hs and

15 overlying salid 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

20 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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spaced between said first input/output section and said second

i nput/ out put 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 is reached; and a second input/out put

hori zontal conductor overlying said 10 upper |evel horizontal conductors
and separated fromsaid upper |evel horizontal conductors by a space of

hei ght Hs which is that horizontal conductor that has a |argest

hori zontal canguctopltengy homhensonRarad itk kb i1othgsucherizont al
conductors whereby a di nension of wdth of said 15 i nnernost hori zont al

conductor isyext-epdrd sald £xLansifiie AR SRIV@2% 1805 8RN, LOPUL) O put

connection for said “vertical spiral inductor. 4. The structure of claiml

her el n eachoGOAGUCHOE, L, 52y et GAloSONSELNGCOONCL Bt 5 £GP T Ses:

20 a conducto erght in said direction . .
Dol 2oL AT LR P e R 3 OB L G gl ve 1
SUbStrat%é 4gorizontal conducteors starting with a horizontal conductor
that i1s 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
norizontal conductor length when compared with all other
horizontal conductors whereby a dimension of width of said

15 innermost horizcontal conductor is extended said extension

Lo serve as a second input/output connection for said

vertical spiral inductor.
4. The structure of claim 1 wherein each conductor of said
vertical connecting conductors comprises:

20 a conductor height in said direction He in a plane that is
perpendicular to said surface of said substrate;
a conductor width of We in gaid direction We in a plane

that is parallel tc said surface of said substrate;
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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 perpendicular 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 vertical connecting conductor henceforth referred to as |engthw se

vertical condugbasustdevah]sinadyl damancanductor agi-dewabhsrthag é’-r[ﬁiaﬁ?é' al | el
with the wwdth of said a vertical connecting conductor henceforth referred

to 15 as widphwi se Nerdical conduct of, S.dewdld §- 9. EBEt%BE!Té,CtWe, of claim
1 wherein said vertical conductors contain a HU|tIpFICIty of vertica

conduct ors ghggggyé%gp 59@5&9&&&:&H¥E§P§ %P§§%°%ﬁ5t5g%;ﬁ&ﬁa?i%gagy

vertical conductor has a geonetric shap rectan ere opposi ng
corners of eaghqof, 5aid.reftangl es,canbe Gounggted by Lo lipes that form
di agonal s of "sard
5 geometric rectangle;

a conductor upper surface in a plane that is perpendicular

to said surface of gaid substrate;

a conductor lower 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 vertical connecting conductor henceforth referred

to as lengthwise vertical conductor sidewalls; and

two conductor sidewalls that are parallel with the width of

said a vertical connecting conductor henceforth referred to

15 as widthwise vertical conductor sidewalls.

5. The structure of claim 1 wherein said 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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50 rectangl es whereby said diagonals have a point of intercept whereby
said points of intercept are located on a line that is parallel to said
surface of said substrate and further is in a direction that is parallel

wi th said conductor 5 | engthw se 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 establi shed
bet ween said one of two wi dthw se vertical conductor sidewalls of each of

sai d outer VeELiGal1e&ORdUCHOr S AN AL M heqk LNLEEAENBECE nSLFEAGE

areas on said upper surface ‘of said base horizontal conductor; a

mul tiplici tygﬁ&r%gt %gﬁ e%&ﬂ%kcg;‘?{ér{%%e o a%y%a%g?éédb?ﬁ"‘gefiﬁ@i ghouter

vertical conductor y sal i'g adjacent vertical conductors is
Gonduct or s F3r ReTRISEt (4T SHh BV (0 5 SpasPERtoTR & 6r bOE " €Eet i on
of said body. of said sgéral i nquctor with | ane. 20 tQat ia geg endi cul ar
to said surfafe’Bf? s oFSubdt rHidr %ﬁuﬁaqﬁ&iﬁﬁeWﬁﬁpeSF% parafret i th said
Iengthmﬁ§§ ngggggggse 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 sgald 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
said upper surface of said 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 adiusted 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

gidewalls of said horizontal conductors.
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sidewal I s of said horizontal conductors. 51 6. The structure of claim1l
wherein said conductor wwdth 1is between about 4 and 10 tines said
conductor thickness. 7. The structure of claim6 whereby said space
between said 5 horizontal conductors and said space between said vertica

i nterconnect conductors is filled with one or nore |layers of a dielectric.
8. The structure of claim6 whereby said space between said 10 hori zontal
conductors and said space between said vertical interconnect conductors is
filled wwth one or nore layers of a ferromagnetic material. 9. The

structure of cclgjm Qt}_“ﬁc‘?ESP%( éﬁ?fnﬁr{%dh’&@‘é%o.rs%id%g%ﬁc%ﬂ"ﬁf in

series. 10. he structure of ¢ 1 erelrn sai conductor w dt s
bet ween about 1 nd 50 tines, the uctor thi.ckness.. 20,11.. The
et ur ol ot e BeRNSaR TRhbTE S Lot S IR KBRS o s Bl O% et or

and said space between said vertical interconnect conductors is filled
with one or nore |ayers of a dielectric. 52 12. The structure of claim10

wher eby sai d_space between , , '
7. The structure of claim é whereby said space between said

5 horizontal conductors and said space between said vertical
interconnect conductors ig filled with one or wmore 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 ferromagnetic material.

9. The structure of claim 6 whereby two spiral inductors

15 are connected in series.

10, The structure 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
sald horizontal conductors and said space between saild
vertical interconnect conducteors ig filled with one or more

lavers of a dielectric.
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said horizontal conductors and said space between said vertical

i nterconnect conductors is filled with one or nore |ayers of a
ferromagnetic material. 5 13. The structure of claim 10 whereby two spiral
i nductors are connected in series. 14. The structure of claim1 wherein
said second 10 input/output section that contains one of two input/output
connections to the spiral inductor conprises: a main conductor having al
attributes of said horizontal conductors; a first and a second verti cal

i nterconnect surface area 15 that occupy opposing extremties of either

sai d upper onz.| omersssidaees f Saiith M @h@@@\%ﬁcgagdi Bpacdi beehéom of
said wi dt hwi se horizontal conductor sidewalls ereby said first vertical

i nterconnect sguaf A6L; A5Ldk] sl 851 ahklisbbRgeCcoBlaetn Wi hgt he outer
vertical connecting 20 conductors of which not both w dt hw se verti cal

si deval | st i pogont act, wi b dordfental condustor sy and, ag,extenaion that

is attached to said rectangle of sal mai n conduct or having two wal | s

in a plane tTQ&ak& o?%a ferromagnetic material.
5
13. The structure of claim 10 whereby two spiral inductors

are connected in series.

14. The structure of claim 1 wherein said second
10 input/output 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 wvertical sidewalls
are in contact with horizontal conductors; and
an extension that is attached to gaid rectangle of said

main conductor having two sidewalls in a plane that is
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perpendi cular to the surface of said substrate whereby one of said two
sidewal Is is an extension of that wi dthwi se horizontal sidewall of said
mai n conductor that has not previously been connected to a vertical
conductor whereby 5 said 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/out put
sections has a geonetric shape of a rectangl e whereby opposing corners of
each of said rectangles can be connected with two Iines that form

di agonal s Ofpéégéna§8&§Q9|€é M@@réﬁkkéﬁé($E*S%Q%U%b%sﬁ%g%eawh99é8§ She
i ntercept whereby said points of |ntercept for 15 said cl osest spaced

hori zont al - cgadugtar pod sal el thest, Spaced odizontal woapdyetors are

| ocated on a line that is perpendi ar to said sur ace of sald substrate

and forms a pé&%&{l@&? QPdSW%lP%Ptsiald a'l'n”e DRk 0t %F&g”ﬁggt oSl d

poi nts of intercep sai d diagonal’s sai orlzonta con uctors
whereby said |ine is.|located i that is Rerpe u ar. to sai
SUrfack of SRFEVSGHELY apesSaramaime Hur NePare Lo GPR R APl TRFESRTh  sai d
| engt hwi se S|de§alls of said horlzontal conduct ors mhereby said line is
non sald extension preferably has a geometric shape” of a

rectangle.

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

10 second input/cutput 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 said 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 said substrate said plane
furthermore being parallel with said lengthwise sidewalls

of said horizontal conductors whereby said line is non-
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54 |inear thereby creating a spiral structure whereby spirals of said
spiral inductor protrude fromsaid body of said spiral inductor whereby
said first and second i nput sections are further created as input/out put
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 |engthwise and in a plane that is

perpendi cular to said surface of said substrate by a front surface and a
back surface of 10 said vertical spiral inductor. 16. The structure of

ack surface of 10 said sl 16 _ o
Card i agonal € o7 ST e Nor Son a1 conduator & Fach par aber oy 1Py A FRRG ©

structure of ¢laim,15 wh eiqﬂégégrconq%%%%r wi_dt h tmggn apgut 4 and

. i.S.b
10 tines sai § coRMMCTBITT hi CRANECT MRt B SFrliceard BRI ST nvda wher eby

sai d space between 20.said harizgntal ceonductors and sai.d,space between
said verticAP Tt el IBRNECT Lot o84 ¢ Fiet BHurERobie B Chore I ayers
of a dielectric, 55 _

secticns are further created as input/output connectors to

5 said vertical spiral conductor after said protrusion of

gaid spiral inductor has been determined whereby said body

of said spiral conductor is no longer 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 c¢laim 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 claim 15 wherein said conductor width

18 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.

55



19. The structure of claim 15 whereby said space between said horizontal
conductors and sai d space between said vertical interconnect conductors is
filled with one or nore layers of a ferromagnetic material. 5 20. The
structure of claim1 wherein said conductor wwdth is between about 10 and
50 tinmes the conductor thickness. 21. The structure of claim20 whereby
sai d space between 10 said horizontal 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 hori nt c i ) .sal \Y;

interconnect%gOnghgt%Qg&§é8%$I$€giﬁﬁﬁﬁj%ﬁg&%?gﬁ%rgggﬁagéggeo?égwggﬁ

ferromagnetic_material. 23, The,structure of .claim1 reby said vertica

R R T e cha e el ol TR S S

i nduct or whereby.sajd.horizontal i nductor overlag;ggaad vertical inductor.
n

56 24. The stPhtitire OFCFAPMIF WIRBIBIGT EFacé e Shi'r 8PS Obf™LET d

hori zontal conductors and space between spirals of
layers of a ferromagnetic material.

20. The structure of c¢laim 1 wherein gaid conductor width

is between about 10 and 50 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 is 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 said horizontal inductor

overlays said vertical inductor.
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said vertical inductor is filled with one or nore |layers of dielectric
material. 5 25. The structure of claim23 wherein space between spirals of
said horizontal conductors and space between spirals of said vertical

i nductor is filled with one or nore |ayers of ferromagnetic material. 10
26. The structure of claim1l whereby said vertical spiral inductor is
connected in series with a conventional horizontal inductor whereby a

pl ane of an upper surface of said horizontal inductor coincides with a

pl ane of an upper 15 surface of said vertical inductor. 27. The structure
of claim 26 wherein ce het iral,s [ [ C tors
and space be vvéeﬁfiesplgér)%%u(%‘e m‘%%&%@énr '?i?’cgpglgﬁgﬁctg%?g%s}g?w%% %ﬁﬁ?one or
nore |ayers o 20 . dielectric material. 28, The structure of claj

wher ei n” spac® bBt e O]%Jp?o_rré{:lag 5 %régi%&rﬁoraﬁioﬁfgfep}%%%‘ﬁec?%r%p%fﬁa ésnp%%e
F:;gﬁgnoﬁpl;g%?ggggﬁgfégfhgyﬁﬁﬁghs%% qu%%%p&ikﬁ Lﬁélgg M%%Q fg§éég g@re

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 ig filled with one or more layers of
ferromagnetic material.

i0

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
said horizontal inductor coincides with a plane of an upper

15 surface of said vertical inductor.

27. The structure of claim 26 wherein space between spirals
of said horizontal conductorgs and space between spirals of
said 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 spirals of
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29. A structure of a vertical spiral inductor having a body 5 that can be
created on the surface of a silicon sem conductor substrate, containing:
hori zontal conductors separated by space having a horizontal conductor

wi dt h and thi ckness whereby said horizontal conductors are parallel wth
said surface of 10 said substrate and that are separated by space; vertica
connecting conductors separated by space having a vertical connecting
conductor wi dth and thickness whereby said vertical connecting conductors
are perpendicular to said horizontal conductors and are separated by space
15 whereby sabddwretbiodl stidliotast iicalf idQraeatitAgoaanduchore eguads Shi d

w dth of said horizontal conductors whereby furthernore a direction of

w dth of sai deveshigadti€amestidng. conductors coincides with a direction of
width of said horizontal conductors 20 areas of interconnect between said
hori zontal conductors and said vertical conductors creating a structure
such that a cross section of said body of said vertical spiral inductor

taken in a pbane,tbet,is, pergendiallalho 5akdi58naurtasensl: 831 4 sybptrate
and perpendicular to sai
5 that can be created on the surface of a silicon
semiconductor substrate, containing:
horizontal conductors separated by space having a
horizontal conductor width and thickness whereby said
horizontal conductors are parallel with said surface of
10 said substrate and that are separated by space;
vertical connecting conductors separated by space having a
vertical connecting conductor width and thickness whereby
said vertical connecting conductors are perpendicular to
said horizontal conductors and are separated by space
15 whereby said width of said vertical connecting 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 ;
20 areas of interconnect between said horizontal cenductors
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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direction of width of said horizontal conductors has a geonetric shape of
a spiral; an extension provided to an innernost horizontal conductor 5
that protrudes fromthe body of said vertical spiral inductor and that
serves as input/output connection to said spiral inductor; and a

hori zontal upper conductor that makes contact with a vertical conductor of
maxi mum | ongi tudi nal dinension that 10 has furthernore 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 surfaceuwrhbeaogeos®d réhshape: ehd@ pargehangheavhepsebyigai d extension
is provided on that side 15 of said horizontal upper conductor that is not

connected todige¥eibhCak FOMMCIONs5 h@XlRRTaN bAaseEYesABadNa
i nput/ out put connection. 30. The structure of claim29 whereby said

hori zont al Qomenduct ghaye dih ang,;saj;d vertical connecting conductor
wi dt h are befween about and 10 tines said horizontal and verti cal

conduct or thi,gkpE8sn 5 PGn dhro e F GG QG B39 WAEL EPY 53 de SPaCE

bet ween
5 that protrudeg from the body of said vertical spiral

inductor and that serves as input/cutput connection to said
spiral inductor; and
a horizontal upper conductor that makes contact with a
vertical conductor of maximum longitudinal dimengion 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 is 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 c¢laim 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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said horizontal conductors and said vertical connecting conductors is
filled wth one or nore |layers of dielectric material. 5 32. The structure
of claim 30 whereby said space between said horizontal conductors and said
vertical connecting conductors is filled with 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 with a conventional horizontal spiral inductor whereby
sai d_horizontal spiral YUt oF OMEn| ays \sRidpyettigak spLrgbejddyct or .
35. The structure of claim30 whereby said vertical spiral 20 inductor is
connected in;sepif rmlhtg%cggw&meq%a'andh%!@%%iégaragng@ggg%gophereby

an upper surface o said orizontal spiral ‘inductor Ts in an
upper  surfagenof $aid verllpals SpnRlodndichore 99,30, IReastissiye of

cl aim 30 whereby said horizo

materizl.

5
32. The structure of claim 30 whereby said space between
said horizontal conductors and said vertical connecting
conducteors ig filled with one or more layers of
ferromagnetic material,

10

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

vertical gpiral inductors are connected in seriesg.

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

inductor overlays said vertical spiral inductor.

35. The structure cof claim 30 whereby said vertical spiral
20 inductor 1s 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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conductor width and said vertical connecting conductor w dth are between
about 10 and 50 tinmes said horizontal and vertical conductor thickness. 5
37. The structure of claim 36 whereby said space between said horizontal
conduttors and said vertical connecting conductors is filled with one or
nore |layers of dielectric material. 10 38. The structure of claim 36

wher eby said space between said horizontal conductors and said vertical
connecting conductors is filled with one or nore |layers of ferromagnetic
material. 15 39. The structure of claim 36 whereby two or nore of said
vertical spigdl Thdustounstare cdOrriecinedd wheetbes sadf. hdhezshtaTt ure of
claim 36 whereby said vertical spiral 20 inductor is connected in series
Wi th a conveabhanatorheidzondal pid alerdviduat eonwiecehy sahdubpstzont al
spiral inductor overlays said vertical spiral inductor. 61 41. The

structure of wehahn36 Mberey s viey tdeals SRkl said horizontal and

vertical conductor thickness.

37. 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 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

392. The structure of claim 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 gpiral inductor.
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i nductor is connected in series with a conventional horizontal spiral

i nductor 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 horizontal conductor that is furthest renoved from said surface of

sai d substrage wrhb sel-doc REOLSHSION of Uit DRk iy BLSRAI Dar-fom a;poldt of

maxi mum 15 protrusi on when proceeding in a direction of outernos verti cal

| nter connect i fg, GOOAUEL 015, 01581 & VaILlical (SR Al o hUGNELgha 43, The

structure of clarm42 whereby sai orizont al conductor wdth and said
verti cal CO”H%%ELQQ gfndu§£a iV%§gh]?r?1Q3 ween abogt 6u% gcéoo igqusaid
hori zontal an ver¥|cafpcondué?ortfhic SSY 67 ARPTThEYStRuCt Ure” Bt cl ai m

42 wher eby sgid,sgaoe bet ween | sai d hor, zgnt al ﬁonductors and said verti cal
connect i ng orizéntal spiral inducteor is in a plane of an upper

5 surface of gaid vertical spiral inductor.

42, The structure of claim 36 whereby saild 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 substrate with said
protrusion further diminishing from a point of maximum

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

inductor,

43, The structure of claim 42 whereby said horizeontal
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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conductors is filled with one or nore layers of dielectric material. 5 45.
The structure of claim42 whereby said space between said horizontal
conductors and said vertical connecting conductors is filled with one or
nore layers of ferromagnetic material. 10 46. The structure of claim42
wher eby said horizontal conductor width and said vertical connecting
conductor w dth are between about 10 and 50 tines said horizontal and
vertical conductor thickness. 15 47. The structure of claim46 whereby said
space between said horizontal conductors and said vertical connecting

conductors ig4fithedswtbc@ne &F i l4ayemhsrebydieeliactphee patwsdml . 20
48. The structure of claim46 whereby said space between said horizontal

conductors apdi§ahdrvesht £l c&ONNALINGnDO I GeNAUetILa1I Sohhtbethyi th one
or nore |ayers of
conductors is filled with one or more layers of dielectric

material.

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

10
46. The structure of claim 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
said 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

gsaid horizontal conductors and said vertical connecting
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ferromagnetic material. 6n

conductors is filled with one or more layers of

ferromagnetic material.
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