| NTEGRATED HELI X CO L I NDUCTOR ON SI LI CON BACKGROUND OF THE | NVENTI ON (1)
Field of the Invention The invention relates to the fabrication of
integrated circuit devices, and nore particularly, to a nethod and
structure for creating a high Q helix coil inductor that 10 can readily be
created for Conplementary Metal Oxide Sem conductors (CMOS) for both Very
Large Scale Integration (VLSI) and Utra Large Scale Integration (ULSI)
technol ogies. 15 (2)_Description of the Prior Art Mdern sem conduct or '
t echnol ogy requires THETEED FFLIEf CRTGhITPBYE BYRe?it S Feii®bnduct or devi ces
that are produced at conpetitive prices. A direct result of these '
requirements is that device density and inter-device 20 packagi ng density
continue to increase fromwhich directly follows the requirenent that the
surface area or space thatBACKCROENDPabFeTBE INEENTIGMce of a sem conduct or
substrate is carefully allocated and maximzed in its use. 1 Wile the

maj ority of sem conductor devices relate to the field of digital data
processing, electronic circuitry can nevertheless be divided into two
broad fisel dé1) O®ield of the Invention

‘ The invention relates to the fabrication of
integrated
circuit devices, and more particularly, to a method and
structure for creating a high Q helix coil inductor that
10 can readily be created for Complementary Metal Oxide
Semiconductors {(CMOS) for both Very Large Scale

Integration (VLSI) and Ultra Large Scale Integration

{ULSI) technologies.

15 {(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 gpace
that i1s available on the surface of a semiconductor

substrate is carefully allocated and maximized in its use.




field addresses digital processing while the second field 5 addresses the
mani pul ati on of analog signals. Digital sem conductor devices have as
function the mani pulation and storage of digital information. The
functions of analog electronic circuitry have in previous years typically
been handl ed by separate conponents such as 10 relatively | arge capacitors
or relatively large inductors. The separate conponents nmay have been
applied in conbination with digital processing capabilities, whereby
however a signi filthtR {5 t1eoPofint nd Ferécrsdartor nitehesnr atdleatehas been
realized by the use of for 15 instance capacitive and inductive conponents
i n addi ti onthe of ke fefhdiwitalll Patel baboeasing, weléct henidd giitrajuitry
conponents. Circuit requirenents that are inposed on conponents that are
requi red foramnatogyr prooessileg dHanideidn inthetpasbroadn fasldde dmat egrati on of
such conponents into 20 typical sem conductor integrated circuit devices.
Moder n nobi f e ld nadiintesadd 0 igpplailc atroers stagt ghilar thd e caspdield
hi gh-frequency equi pnent. Wth the continued inprovenents in the _
per f.or manceaghne aed erited ingm idudfactibins c€quhRMBYt 5160414 Nuedyamgahasis wil |l be
placed on small size of the equipnment, |ow power consunption, increased
frequency apphicaid@ittoAb+iQWNP8R Le&VelSiction the manipulation

and storage of digital information. The functions of

analog electronic circuitry have in previous years

typically been handled by separate components such as

10 relatively large capacitors or relatively large inductors.

The separate components may have been applied in

combination with digital processing capabilities, whereby

however a significant portion of the functional

implementation has been realized by the use of for

15 instance capacitive and inductive components in addition

to and functionally collaborating with the digital

components. Circuit requirements that are imposed on

components that are required for analog processing have in

the past limited the integration of such compenents into

20 typical semiconductor integrated circuit devices.

Modern mobile communication applications center
around compact high-frequency equipment. With the

continued improvements in the performance characteristics




Sem conduct or devices are used in the field of nobile 5 conmunication for
the creation of Radio Frequency (RF) anplifiers. A major conponent of a
typical RF anplifier is a tuned circuit that contains inductive and
capacitive conponents. The tuned circuit has as electrical characteristic
that, dependent on and determ ned by the 10 values of its inductive and
capacitive conponents, can form an inpedance that is frequency dependent,
which enables the tuned circuit to either forma high or a |low inpedance
for signal sObf L1 FTHIRNHeqsEinued eRPEasitnetl the plaraf @ cuit can
either reject or pass and 15 further anplify conponents of an anal og signal
based on tfB2} eFtEMSL dfhe IRfruicmeséneArY Pheerupedseipiign, can therefore
be used as a filter to filter out or renove signals of certain frequencies
or to renovenaeezEed rimauersiy cuinl icenflioger atidohov hatises Iadwadcs at
mani pul ati ng anal og 20 signals. The tuned circuit can also be used to form
a high el egemicardintpadaloe das usiengskde ihCchesoband eodfmdihigle circuit and
to thereby counteract the effect of parasitic capacitances that are part
of a circui tomiinei st fon riesorARe & bt ohs cEanagdo byrédeemar agis)i c
capaci tance 3 between the (spiral) inductor and the underlying substrate
will Timt &dael useeld. thend ROUERDoRknR 8 &I eGHERL] &9F amplifier is
a tuned circuit that contains inductive and capacitive
components. The tuned circuit has as electrical
characteristic that, dependent on and determined by the
10 wvalues of its inductive and capacitive components, can
form an impedance that is frequency dependent, which
enables the tuned circuit to either form a high or a low
impedance for signals of a certain frequency. In this
manner the tuned circuit can either reject or pass and
15 further amplify components of an analog signal based on
the frequency of that component. The tuned circuit can
therefore be used as a filter to filter out or remove
signals of certain frequencies or to remove noise from a
circuit configuration that is aimed at manipulating analog
20 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

capacitances that are part of a circuit. The self-

resonance that is caused by the parasitic capacitance




One of the key conponents that is applied in creating 5 high frequency
anal og sem conductor devices is the inductor that forns part of a LC
resonance circuit. The key challenge in the creation of the inductor is to
mnimze the surface area that is required for the creation of the

i nductor while rmaintaining a high Q value 10 for the inductor. Conventi onal
i nductors that are created on the surface of a substrate are of a spiral
shape, whereby the s i reated in a plane that is parallel wth the

iral,is . c

pl ane of thl@e'é‘ﬂ‘??récteh%f {stﬂilé" b &OT @BRvERE | BRAF hEt b ST dEt4r e used
to create the inductor 15 on the surface of a substrate suffer several
li mi tations"1MostmH; ghQuUsTdRdt 6he fsenrpart abf highybrearansiicse
configuration or of Monolithic Mcrowave Integrated Circuits (MMC s) or
are created as discrete conponents, the creation of which is not readily
integratable into a 20 typical process of Integrated GCrcuit
manuf act uri ng. Byneorbitiendrevhecopeaents bhabnes sapp ot uct arreatmngl i t hi c
substrate of circuitry that is aimed at the function of anal og data
mani pul & i olnigimdf eeralagydatrelbdcs emdgendithot h@eflesd ionsief digital data
mani pul ation and digital data storage, a nunber of significant advantages
are achi evethd&tiodr adeentfages pRekud€ BheC resonance circuit. The

key challenge in the creation of the inductor is to

minimize the surface area that is required for the

creation of the inductor while maintaining a high Q value

10 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

with the plane of the surface of the substrate.

Conventional methods that are used to create the inductor

15 on the surface of a substrate suffer several limitations.

Most high Q inductors form part of a hybrid device

configuration or of Monolithic Microwave Integrated

Circuits (MMIC’s) or are created as discrete components,

the creation of which ig not readily integratable into a

20 typical process of Integrated Circuit manufacturing.

By combining the creation on one semiconductor
monolithic substrate of circuiltry that is aimed at the

function of analog data manipulation and analdg data




reduction of manufacturing costs and the reduction of 5 power consunption
by the conbi ned functions. To reach required inductive val ues for
particul ar applications, inductors can be of significant physical size and
can therefore require a significant surface area of the sem conductor
substrate. To |limt this inpact of space 10 requirenment, inductors are
typically formed on the surface of a substrate in a spiral form The
spiral formof the |jnductor however results in parasitic capacitances

bet ween t hBEPHRAIR Wt Thend s icle @AdeibyEay dabstmaniouldfdao the
physical size of the inductor. These parasitic 15 capacitances have a
serious negaf¢veélettaktdagie tHeraagnce onaberyodf sidmei Tieatted LC circuit by
sharply reducing resonance frequency of the tuned circuit of the

appl i cat i onadpgniigied yaussedthiievelde iSmdbis tiyatoades cindibaddhecheappl i cability
of a created inductor is the Quality (Q factor of the inductor. The
quality factedu@odn arf nendifetcaiurisgdebsnedansd té| ey®ictQaen B El wherein
Es is the energy that is stored in the reactive portion of the 5 conponent
whi | e Els i sppher eneigyngthatn ks lt0st cdorbtihed Feastives Pord ianaf the

conponent. The higher the quality of the conponent, the closer the
resistive vabgigi ®dd tiuctive values for particular applications,
inductors can be of significant physical size and can
therefore require a significant surface area of the
semiconductor substrate. To limit this impact of space
10 requirement, inductors are typically formed on the surface
of a substrate in a spiral form. The spiral form of the
inductor however results in parasitic capacitances between
the inductor wiring and the underlying substrate, due to
the physical size of the inductor. These parasitic
15 capacitances have a serious negative effect on the
functionality of the created LC circuit by sharply

reducing resocnance frequency of the tuned circuit of the

application.

20 Widely used in the industry to describe the
applicability of a created inductor 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

the energy that is stored in the reactive portion of the




conponent approaches zero while the Q factor of the 5 conponent approaches
infinity. The quality factor for conponents differs fromthe quality that
is associated wth filters or resonators. For conponents, the quality
factor serves as a neasure of the purity of the reactance (or the

suscept ance) of the conmponent, which can be 10 degraded due to parasitics.
In an actual configuration, there are always sone physical resistors that
will dissipate power, thereby decreasing the power that can be recovered.

The qual i t yCPERYHFQ Wt if FBndisofhes snendy thar ubs ofog et ébet han 100 is
considered very high for 15 discrete inductors that are mounted on the
surface of TPRERIER ¥ein Bodhds corprnentucTbe shidiatr fdramqealtitof an
integrated circuit,.the Qvalue is typically in the range between about 3
and 10. 20 ¢h theardmepremnt ndict oloseratienokel bt tveubstuataf ame whi ch
addi ti onal sem conductor devices are created, the parasitic capacitances
t hat occur esmpar¢ntofappricadreeatrean whiiliet the pessctdmrnnd dHwe quality
factor that can be achieved for the inductor using the conventi onal
silicon% progessentTippddatteat iieif ins tyf. OThEBRY 2 BPPY | £t HNSFornOt
accept abl e. Dependent on the frequency at which the LC circuit is designed
t o resonat ecoBp@dt £antdpe =AM the quality that is associated

with filters or resonators. For components, the guality

factor serves as a measure of the purity of the reactance

(or the susceptance) of the component, which can be

10 degraded due to parasitics. In an actual configuration,

there are always some physical resistors that will

dissipate power, thereby decreasing the powef that can be

recovered. The quality factor Q is dimensionless. A Q

value of greater than 100 is considered very high for

15 discrete inductors that are mounted on the surface of
Printed Circuit Boards. For inductors that form part of an

integrated circuit, the Q value is typically in the range

between about 3 and 10,

20 In creating an inductor on a monolithic substrate on
which additional semiconductor devices are created, the
parasitic capacitances that occur as part of this creation
limit to less than 5 the quality factor that can be

achieved for the inductor using the conventional silicon




val ues of quality factor, such as for instance 100 or 5 nore, nust be
available. Prior Art has in this been limted to creating values of higher
quality factors as separate units, and in integrating these separate units
wi th the surrounding device functions. This negates the advantages that
can be obtai ned when using the nonolithic 10 construction of creating both
the i nductor and the surrounding devices on one and the sane sem conduct or
substrate. The non-nonolithic approach also has the disadvantage that

addi ti onal RFPFRESi sThEUlieldFatdon fiser éomnmanyt ARPLUbR thvponamtts of the
assenbly, thereby 15 again introduci ng additional parasitic capacitances
and resi st fO€ePoBREs. RrRyendrnt mretdbendeetungew &t nghiwet vidrk LC For many of
the applications of the RF anplifier, such as portable battery powered
appl i cat i onsirpewerigoissimtddic iresanaaepr etguhf andntsstldhenef ore be as

| ow as possible. 20 By raising the power consunption, the effects of
parasitic vapaestahcpslbing, regitstri,veupdwas FosSitataie= pasd icd |y
conpensated but there are limtations to even this approach. These

probl ent t akeron wyen 19 eRkLI WIGEN -1 Wit Rret AgsT 8Ri ¢h expadisi on of wirel ess

applications such as 7 portable tel ephones and the like. Wrel ess
conmuni cati DEitéd o I MhPXRANANGFMRAKEEy ¥hET £ hesdv.egration of RF
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
10 construction of creating both the inductor and the
surrounding devices on one and the same semiconductor
substrate. The non-monolithic approach alsc has the
disadvantage that additional wiring is required to
interconnect the sub-components of the assembly, thereby
15 again introducing additional parasitic capacitances and
resistive 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 and must therefore be as low as possible.
20 By raising the power consumption, the effects of parasitic
capacitances and resistive power loss can be partially
compensated but there are limitations to even this

approach. These problems take on even greater urgency with

the rapid expansion of wireless applications such as




integrated circuits is one of the nost inportant chall enges. one of the
approaches is to significantly 5 increase the frequency of operation to
for instance the range of 10 to 100 GHz. For such high frequencies, the
val ues of the quality factor obtained fromsilicon-based inductors are
significantly degraded. For applications in this frequency range,
nonol i thic i nductors have been 10 researched using other than silicon as
the base for the creation of the inductors. Such nonolithic inductors have
for instancechediple reiciragsisngndappli Léker @hpsless aowage.cafiose

i nductors have a considerably |lower parasitic capacitance than their

sili con couns et peapsllandArvedéingr eatEepr, ovhdee ht gheintreagortanee offr @fuency of
the LC circuit. Were however nore conplex applications are required, the
need still extsgsatal grieatd tisnducbaes ofisthg sbkt COMp@stant substrate. For

t hose applications, the approach of using a base material other than

silicon hascpaDvemyd®. imd oF 2@ cpphenshae WRite §Dnimsda0e GaAs as a
medium for the creation of sem conductor devices is as yet a technical

chal l enge that¢réeesds o Heldi-9ssedop8ribechnedr PoF atifihfe Rid Nductors
Wi thout sacrificing device performance due to substrate | osses has been
eXtenSlVelyré@@@a5§hﬁﬂfhﬁJRRP%@E.Y%%&Ssu§H”H1§£ ff@huenc1es, the
values of the guality factor obtained from silicon-based
inductors are significantly degraded. For applications in
this frequency range, monolithic inductors have been
10 researched using other than silicon as the base for the
creation of the inductors. Such monolithic inductors have
for instance been created usging sapphire or GalAs as a
base. These inductors have a considerably lower parasitic
capacitance than their silicon counterparts and therefore
15 provide higher resonance frequency of the LC circuit.
Where however more complex applications are required, the
need still exists to create inductors using silicon as a
substrate. For those applicationg, the approach of using a
base material other than silicon has proven to be too
20  cumbersome while for instance GalAs as a medium for the

creation of semiconductor devices ig as yet a technical

challenge that needs to be addressed.




techni ques that have been used for this approach include: 5 - the selective
renmovi ng (by etching) of the silicon wunderneath the inductor (using

met hods of m cro- machining) thereby renoving substrate parasitic effects -
using nmultiple layers of netal (such as alumnum interconnects or of
copper damascene interconnects 10 - using a high resistivity silicon
substrate thereby reducing resistive losses in the silicon substrate,

since resistive substrate | osses forma domnant factor in determ ning the
Q val ue of sili cBie i Hitsatiopsiotg Rifetiafscthas et ehar tdasdidrilopngdapt abl e
to the 15 process of the formation of inductors, a concern is thereby
however raidedidey pévef ugergfe AuGU ta smbtalkathat ossss flieglentd y used in

sem conductor netallization) since Al Cu has higher resistivity than gold
(Au) net al | eza¢nsivehatedemfohequdnt keceaedyear&alsoneckhhaltegy 20 -

enpl oyi ng biased wells underneath a spiral conductor - inserting various

types of patéenmogugs ot shivel deenbekegeiobhenspi s@brddviuctivard the
silicon substrate, and 9 creating an active inductive conmponent that

similates therel getibiealePLORSTLASS 19f ALiMHCILY &S LhiiSonapplied in
active circuitry; this approach however
underneath the inductor (using methods of micro-
machining) thereby removing substrate parasitic effects
- using multiple layers of metal (such as aluminum)
interconnects or of copper damascene interconnects
10 - wusing a high resistivity silicon substrate thereby
reducing resistive losses in the silicon substrate,
since resistive substrate losses form a dominant factor
in determining the Q value of silicon inductors
- using metals that are particularly adaptable to the
15 process of the formation of inducters, a concern is
thereby however raised by the use of AlCu (a metal that
is frequently used in semiconductor metallization) since
AlCu has higher resistivity than gold (Au) metallization
that is frequently used in GahAs technology
20 - employing biased wells underneath a spiral conductor
- inserting various types of patterned ground shields
between the spiral inductor and the silicon substrate,

and




results in high power consunption by the inductor and in noise performance
that is unacceptable for | ow power, high frequency applications. The above
listing of researched alternatives is not nmeant 10 to be conplete or al

i nconcl usi ve. The above approaches have as common objectives to: 1)
enhance the quality (Q value of the inductor 2) increase the frequency of
the LC self-resonance thereby increasing the frequency range over which
the inductor can be used, and 3) reduce the surface area that is required
for the creatireatdahgt he hodies otnd2ft Fhe donhisicon: ehatheiiniventson
addresses the objectives that have been |isted above and provides a

met hod for creakl Bgeafrioduchpspéhale€adr raadidacer kBt egraged in a
manuf acturi ng process for the creation of VLSI and ULSI CMOS devi ces. The

met hod of theappugeti @A A0t cveat Lscd he) i X% 6Ql |aﬁp%lé%hohowké’%£h has an
i nproved Q factor when conpared wth the Q factor of a typical spiral

I nductor, thatel$166€8heHibA FoWtANCod Nkpd HPRAEE! 1WhhBrobhgnguW f ace of

t he substrate.

5 noise performance that is unacceptable for low power,

high frequency applications.

The above listing of researched alternatives is not
meant

10 to be complete or all inconclusive. The above approaches
have as common objectives to:
1) enhance the quality {(Q) wvalue of the inductor
2) increase the frequency of the LC self-resonance

thereby

15 increasing the frequency range over which the inductor
can be used, and
3) reduce the surface area that is required for the

creation of the inductor.

20 The inductor of the invention addresses the
objectives that have been listed above and provides a
method for creating an inductor that can readily be
integrated in a manufacturing process for the creation of

VLSI and ULSI CMOS devices. The method of the invention

10




5 Fig. la shows a top view of a Prior Art horizontal spiral inductor 25.
Sonme of the design paraneters of conductor 25 are highlighted as foll ows:
- 10 is the body of the inductor and contains a conductive 10 naterial -
11 is one extremty of the conductive body 10 of the inductor 25 and is,
for convenience sake and arbitrarily, referred to as the beginning of the
conductive body 10 of the 15 inductor 25 - 12 is a conductive connector
that connects to the beginning 11 of the conductive body 10 of the

i nduct or 25crealigs iz hedlxomsosi ngdextoeni which hhe montustdwesl llody 10  of
the 20 inductor 25 and will be referred to as the end of the conductive
body of thefanderctwirer?sompbdeads wattonhach ¥eatbdhadf i attermwiorie cied ramt al
strip 12 with the 11 conductive body 10 of the inductor 25 - 16 is the
spaci ng bet ieénctdre, sphatalis efrddtedcanduchivge bRdy 19 wird NAICHALK25

the surface of the substrate.

Fig. la shows a top view of a Prior Art horizontal
spiral inductor 25. Some of the design parameters of
conductor 25 are highlighted as follows:

- 10 is the body of the inductor and contains a conductive
10 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 conductive body 10 of the
15 inductor 25
- 12 is a conductive connector that connects to the
beginning 11 of the conductive body 10 of the inductor 25
- 13 1is the ocpposing extremity of the conductive body 10
of the
20  inductor 25 and will be referred to as the end of the
conductive body of the inductor 25
- 14 is a qontact via that interconnects metal strip 12

with the

11




5- 18 is the width of the spirals of the conductive body 10 of inductor
25 - 20 is the length of the |longest spiral of the conductive body 10 10
of inductor 25, and - 22 is the length of the inner opening of the
conductive body 10 of inductor 25. 15 The top view of the Prior Art

i nductor that is shown in Fig. 1 is not shown in order to highlight in
extensive detail all the paraneters that can be associated with such an

i nductor but nerely serves to point out the essence of the 20 Prior Art

i nduct or, t®ardygtive thudyyddnetty itheshadacobrt B8 i nductor is that of a
spiral - the individual sections that make up the spiral of the inductor
al t er nat el y- i neerisetheabpaniaggbetwie® O ldeyEas1E2 cdndhhavenautengé h and a
wi dth and are separated by a spacing - the spiral that forns the inductor
ends in tw exigemties, the inductor is electrically interconnected 5 to
surrounding circuitry by being connected to these two

10 of inductor 25
5 - 18 is the width of the spirals of the conductive body
10 of
inductor 25
- 20 is the length of the longest spiral of the conductive
body
10 10 of inductor 25, and
- 22 is the length of the inner opening of the conductive
body

10 of inductor 25.

15 The top view of the Prior Art inductor that is shown in
Fig. 1
is not shown in order to highlight in extensive detail all
the parameters that can be associated with such an
inductor but merely serves to point out the essence of the
20 Prior Art inductor, that is:
- the geometric shape of the inductor is that of a spiral
- the individual sections that make up the gpiral of the

inductor alternately intersect at an angle of 90 degrees

12




extremties, and 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

i nductor is created. 10 Not shown in Fig. 1 is the height of each of the

| i near segnents that collectively formthe body of the inductor 10, this
hei ght can be defined as the thickness of the conductive layer that is
deposited on the surface of the 15 substrate for the formation of the

i nductor. The lower surface of the inductor is the surface of the inductor
that is paral lkeld hevehe $enfaceand & heldulbstirdataer-candphlratedi sychosest to
the surface of the substrate, the upper surface of the inductor is the
surface of theperdugtor 20 that is parallel to the surface of the substrate
and that is furthest renoved fromthe surface of the substrate. The

di stance betweer tperHPPEhatUrbaRe @d {hfidiQWere Sl fiace,oof the inductor
as neasured in a direction that is 13 perpendlcular to the plane of the

substrate i s Ehe:Bgtghks ofnihend 119593901 Apeplobheci aguct or

that is taken |n a pl ane between the upper ower surface of the

| nduct org shows of B 08aHR| £l Co 2DARE. Of g)b%m YRhecteiNtEN:hesd NE,Share of

a splral The helg I nduc

extremities, and
- the body of the inductor is contained in a plane that is
parallel to the plane of the surface of the substrate on
which the inductor is created.
10
Not shown in Fig. 1 is the height of each of the linear
segments that collectively form the body of the inductor
10, this height can be defined as the thickness of the
conductive layer that is deposited on the surface of the
15 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
20 that is parallel to the surface of the substrate and that
is furthest removed from the surface of the substrate. The
distance between the upper surface and the lower surface

of the inductor as measured in a direction that is

13




of Prior Art is essentially the sane along the spiral of the inductor. US
5,936, 298 (Capocelli) teaches a Helix coil. The 10 patent does not appear
to claima wi der center radius. US 5,576,680 (Ling) shows helix coil with a
core. US 5,884,990 (Burghartz et al.), US 6,008,102 (Alford 15 et al.), US
5,831,331 (Lee) and US 3,614,5,54 (Shield) show various coils helix coils
and cores. SUMVARY OF THE | NVENTI ON 20 A principle objective of the
invention is to create an inductor on the surface of a silicon substrate
that has ippresedi@iacttor bhisepleorpatfetdhai shbsheatspi raltiandedight of
conventi onal design. 14 Another objective of the invention is to create an
i nduct or onof hehsurdfdoeEof. & sirddssomestlhshr af ethdatndypriow demthiigher
i nducti ve val ues when conpared with the spiral inductor of conventional
design. 5 Anaitdrerimby qoitdnee befcwiche icheenppenr b&8dtOherBater ajurfigaguct or on
the surface of a silicon substrate that requires a smaller silicon surface
area for itef tieplaiRdtid GhoiRerneogRanedritt fhihe spidid idmieeler, of

5 which is the shape of a spiral. The height of the inductor

of Prior Art is essentially the same along the spiral of

the inductor.

US 5,936,298 (Capocelli) teaches a Helix coil. The

10 patent does not appear to c¢laim a wider center radius.

Us 5,576,680 (Ling) shows helix coil with a core.

US 5,884,990 (Burghartz et al.), US 6,008,102 (Alford
15 et al.), US 5,831,331 (Lee) and US 3,614,5,54 (Shield)

show various coils helix ceoils and cores.

SUMMARY OF THE INVENTION
20
A principle objective of the invention is to create
an inductor on the surface of a gilicon substrate that has
improved Q factor when compared with the spiral inductor

of conventional design.

14




10 conventional design. Another objective of the invention is to create an
i nductor on the surface of a silicon substrate that extends and maintains
its characteristics of inmproved Q 15 factor and hi gher inductive val ues and
a smaller silicon surface area for its inplenentation in higher frequency
applications when conpared with the spiral inductor of conventional design
i n higher frequency applications. 20 In accordance wth the objectives of
the invention a new structure is provided for the creation of an inductor
on the surface dinetlstd idkgrecdviecofidubtoinsehsicat s dherdawduahor is of
helix coil, whereby the plane of a cross section of the inductor that
reflects thendetioxr cm |tHb sdegiagr of theilndust enbisryas alHal to the pl ane
of the underlying substrate. Under the first enbodi nent of the invention,

the hei ght pfothedetighaoiindhiat vieSvanaatedhen thgosted agaofcr silicon
substrate is uniform Under the 5 second enbodi ment” of the invention the

hei ght of tgeihgl i aeRidr O [RRvieRdyehah ggsggg.invention is also uniform
but a ferromagnetic core is inserted between tThe upper and the | ower

conductays of the helix coil. Under the third enbodi ment of the invention,
the height of the helix coil 10 that is created on the surface of a

silicon SUbStralﬁhééher ocbjective of the invention is to create an
inductor on the surface of a silicon substrate that
requires a smaller silicon surface area for its
implementation when compared with the spiral inductor of

10 conventional design.

Another objective of the invention is to create an
inductor on the surface of a silicon substrate that
extends and maintainsg its characteristics of improved Q

15 factor and higher inductive values and a smaller silicon
surface area for its implementation in higher frequency
applications when compared with the spiral inductor of

conventional design in higher frequency applications.

20 In accordance with the objectives of the invention a
new structure is provided for the creation of an inductor
on the surface of a silicon semiconductor substrate. The
inductor is of helix coil, whereby the plane of a cross

gsection of the inductor that reflects the helix coil

15




non-uni form Under the fourth enbodi nent of the invention
the helix coil of the inductor of the invention is non-un
ferromagnetic core is inserted between the upper and the
of the 15 helix coil. BRI EF DESCRI PTI ON OF THE DRAW NGS
view of a Prior Art horizontal 20 spiral conductor. Fig.

helix coil inductor of the first enbodinent of the inven
uniformvertical interconnect conductor height, as follo
an ext endedd¢ditge-dli MeRsiienRlctbrewsobatrhel et bxc8@ih1 4
invention with a uniform vertical interconnect conductor

t he hei ght of
iformwhile a

| ower conductors
Fig. 1 shows a top
2 addresses the
tion that uses
w 16 Fig. 2a is

wat @heof the
height. 5 Fig. 2b

shows an X-X1d&€¥ D antiraf t hadhel tkeCeilst i SAsd B dfgrienvention

with a uniformvertical interconnect conductor height. 1

Y-Y' cross seeihofoof dife hslgne ¢9i knel AdYcL oL, pf Eﬁ%&'l@/

uni formvertical interconnect conductor height. Fig. 2d

0 Fig. 2c shows an

G‘d}te!a%% dVohh 2

shows a top view

of the helix,Coll ¢ NAUGIOr, 13 ;060 RELLPYEDL! 90 W 1H, 4, Unifrmeygrti cal

i nt er connect

5 second embodiment of the invention the height of the helix

coil of the inductor of the invention is also uniform but

a ferromagnetic core is inserted between the upper and the

lower conductors of the helix coil. Under the third

embodiment of the invention, the height of the helix coil

10 that is created on the surface of a gilicon substrate is

non-uniform. Under the fourth embodiment of the

the height of the helix coil of the inductor of

invention

the

invention is non-uniform while a ferromagnetic core is

ingerted between the upper and the lower conductors of the

15 helix coil.

BRIEF DESCRIPTION OF THE DRAWINGS

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

20 spiral conductor.

Fig. 2 addresses the helix ceil inductor of the first

embodiment of the invention that uses uniform vertical

interconnect conductor height, as follow:

16




conductor height. Fig. 2e shows a top view of the geonetric centers of a
sanpling of top level conductors of the helix coil of 20 the invention.
Fig. 2f shows a top view of the geonetric centers of a sanpling of bottom
| evel conductors of the helix coil of the invention. 17 Fig. 3 addresses
the helix coil inductor of the second enbodi nent of the invention that
uses uni form conductor hei ght whereby furthernore ferromagnetic materi al
is incorporated, as follow. 5 Fig. 3a is an extended three-di nensional view
of the helix coil inductor of the invention with a uniform vertical

i nt erconnect conductor hei ght whereby ferromagnetic material is

i ncor porated. 10Fifg g.2a30h sshonexarndeX tbiessdseshd Dinaf tihker kel ikxecoi

i nductor of the invention with a uniformvertical interconnect conductor

hei ght wheredyit efsonaigneidteor BE @hieakini-8nt NEAT POFRILAinilH A 9. 3¢ shows an
Y-Y' cross section of the helix coi

vertical interconnect conductor height.

5
Fig. 2b shows an X-X’ cross section of the helix coil
inductor of the invention with a uniform vertical
interconnect conductor height.
10 Fig. 2c¢ shows an Y-Y’ cross section of the helix coil

inductor of the invention with a uniform vertical

interconnect conductor height.

Fig. 2d shows a top view of the helix coil inductor
15 of the invention with a uniform vertical interconnect

conductor height.

Fig. 2e shows a top view of the geometric centers of
a sampling of top level conductors of the helix coil of

20 the invention.

Fig. 2f shows a top view of the geometric centers of
a sampling of bottom level conductors of the helix coil of

the invention.

17




i nductor of the invention with a uniformvertical interconnect conductor
hei ght whereby ferromagnetic nmaterial is incorporated. 20 Fig. 3d shows a
top view of the helix coil inductor of the invention with a uniform
vertical interconnect conductor height whereby ferromagnetic material is
incorporated. 18 Fig. 4 addresses the helix coil inductor of the third
enbodi nent of the invention that uses non-uniformvertical interconnect
conductor height, as follow. 5 Fig. 4a is an extended three-di nensi onal

view of the helfigcd laddiducleer tok hBeikn¥ent i oawdidy amaeneuni form
vertical interconnect conductor height. Fig. 4b shows an X-X cross section

of the helixecdid erdlbdindzt & @het RBvEAYERLI ORaWM (b2 AT fOorm verti cal
i nt erconnect conductor height. Fig. 4c shows an Y-Y' cross section of the

helix coil chndustor 10fidilie Jrverll eQrihkPud D0R: tAL{ QLM ver tical 15

i nt.erconnect conductor height. FIig. 5 addresses the héelix coil inductor of

e our AU 1 DB Ut LGl i pes mon-untform vert i ca
5
Fig. 3a is an extended three-dimensional view of the
helix coil inductor of the invention with a uniform
vertical interconnect conductor height whereby
ferromagnetic material is incoxrporated.
10
Fig. 3b shows an X-X’ crossg section of the helix coil
inductor of the invention with a uniform vertical
interconnect conductor height whereby ferromagnetic
material is incorporated.
15
Fig. 3c shows an Y-Y' cross section of the helix coil
inductor of the invention with a uniform vertical
interconnect conductor height whereby ferromagnetic
material is incorporated.
20
Fig. 3d shows a top view of the helix coil inductor
of the invention with a uniform vertical interconnect
conductor height whereby ferromagnetic material is

incorporated.

18




20 ferromagnetic material is incorporated, as follow Fig. 5ais an
extended t hree-dinensional view of the helix coil inductor of the
invention with a non-uniform vertical interconnect conductor height
whereby ferromagnetic material is incorporated. 19 Fig. 5b shows an X-X
cross section of the helix coil inductor of the invention with a

non-uni formvertical interconnect conductor hei ght whereby ferromagnetic
material is incorporated. 5 Fig. 5c shows an Y-Y' cross section of the

helix coil induei®r oOfaddie:ddueenticomewiitehcainonnanéfOF My asdd ¢ird
i nt erconnect conductor hei ght whereby ferromagnetic material is

i ncor por at ednbd@ifdt: $& NS 1A HrapR %hg%phgééoﬂoﬂiuﬁbﬁox% fAgkalas a

function of frequency for a conventi onal splra i nductor and for the helix

coi | induct o+ 9f &6 LVEMHd R0 15 Fl £, %h9g§ 18,91 aphi c depiction of the
or t

Q factor as a function of frequency e spiral inductor of the
invention with and without the incorporation of ferromagnetic material in
the helix coil inductor. 20 DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS

5 Fig. 4a is an extended three-dimensional view of the
helix coil inductor of the invention with a non-uniform

vertical interconnect conductor height.

Fig. 4b shows an X-X’ cross section of the helix coil
10 inductor of the invention with a non-uniform vertical

interconnect conductor height.

Fig. 4c shows an Y-Y’' cross section of the helix coil
inductor of the invention with a non-uniform vertical

15 interconnect conductor height.

Fig. 5 addresses the helix coil inductor of the
fourth embodiment of the invention that uses non-uniform
vertical interconnect conductor height whereby

20 ferromagnetic material is incorporated, as follow:

Fig. 5a is an extended three-dimensional view of the
helix coil inductor of the invention with a non-uniform
vertical interconnect conductor height whereby

ferromagnetic material is incorporated.
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The structure of the invention will be highlighted by concentrating on the
geonetric and structural details of the creation of the inductor of the

i nvention. Processing 20 conditions that are required to inplenent these
structural details will not be highlighted for reasons of sinplicity.
Anong these processing steps are steps of depositing |layers of dielectric
and the patterning and etching of 5 openings in these |ayers of dielectric
whereby these openings are aligned with underlying patterns. To include

t hese processi ngF&g eps i ghdve e XCK peroBsoketbeon i AV efid oS woubd1r equire
the entry of conditions of deposition, patterning and etching that would

make the 1l0ig@icedt sOHENMwWMICRSHALK ¥ sUADER SHHEn e ikey concept and
key reason that causes the design of helix coil inductor to provide

si gni ficantiytérps@yvas RUGRIUBNER iahcaRnhbPdUst BEyrddRiQUeNENt s that have
al ready 15 been highlighted under the objective of the invention, wll be

indi cated fohtow ng.1d ndhg- \entional design of an inductor that is
[

created on the surface of a'silicon substrate, a design that is presented
in Fig. g1, the electromagnetic field of the inductor penetrates the 20
surface of the underlying silicon substrate due to its |ocation and

construction. Thﬁﬁgqu§niﬁgdénénp%>§hecross section of the helix coil

inductor of the invention with a non-uniform vertical
interconnect conductor height whereby ferromagnetic
material is incoxrporated.
10
Fig. 6 shows a graphic depiction of the.Q factor as a
tunction of freguency for a conventional spiral inductor

and for the helix coil inductor of the invention.

15 Fig. 7 shows a graphic depiction of the Q factor as a
function of frequency for the spiral inductor of the
invention with and without the incorporation of

ferromagnetic material in the helix coil inductor.
20 DESCRIPTION OF THE PREFERRED EMBCODIMENTS

The structure of the invention will be highlighted by
concentrating on the geometric and structural details of

the creation of the inductor of the invention. Processing

20




magnetic field of the inductor into the underlying silicon substrate
causes significant resistive losses that restrict or reduce the Q val ue
that can be obtained for 21 the inductor of conventional design. The design
of the invention, which uses a helix coil for geonetry for the body of

t he inductor, provides an inductor that has a wder coil radius at the
center of the coil which 5 maxim zes the intensity of the el ectronmagnetic
field in that area. In addition, the electromagnetic field of the

invention i goesseindnaldhathere arlali rand tabomgl hen s WHaE stofuctheal
substrate, which significantly reduced the resistive |osses that are

incurred byaéhe:lNAUCIOMdt deh@iigh igukbacespf riheoh hductonp1he cincreased
strength of the electromagnetic fielld at the center of the body of the

i nductor comhbRed Midd fhe.Jwrtzoatabs0LLeNEaLLoM, PTad e b EEt T omagnet i c

field of the inductor lI'eads to rncreased inductive val ue oflthe conponent

and i ncr eased Qyaliies O o9 Lhe UG oL LD ViOW, 0L LN gbove and

considering that current trends i n the Sém con u y are
gravitatd ng, .t owards. | nGgreased use of gL 2- rformance broadband RF 20
appl i cat’ on%pcoir,wl% neld{ vq\:ncri S%t f\igyggr?v(ejffg ﬁ% eg t% ‘?%‘%Y EivSumer and
communi cati on based techqglo i es, %; ia . ,

operiings are aligned with underlying patterns. To include

these processing steps in the description of the

inventions would require the entry of conditions of

deposition, patterning and etching that would make the

10 current document unnecessarily cumbersome.

The key concept and key reason that causes the design
of helix coil inductor to provide significantly improved
performance as an inductor, improvements that have already

15 been highlighted under the objective of the invention,
.will be indicated following. In the conventional design of
an inductor that is created on the surface of a silicon
substrate, a design that is presented in Fig. 1, the
electromagnetic field of the inductor penetrates the

20 surface of the underlying silicon substrate due to its
location and construction., This penetration of the
magnetic field of the inductor into the underlying silicon
substrate causes significant resistive losses that

restrict or reduce the Q value that can be obtained for

21




expected that the inductor of the invention will exert a significant -

i nfl uence on current broadband designs and applications. In addition, for
the era of deep-subm cron 22 processes conbined with the use of copper for
i nterconnect lines, the inductor of the invention provides for
significant inprovenents in the Q factor of the inductor while higher

i nducti ve val ues can be obtained at reduced 5 surface areas that are
required for the creation of the inductor, all these advances and

advant ages tesBimding o als C&:c@ive'@ﬂt@'@n%&e@tl@ﬂéhes".['@é @Pldcdd epe Fig. 2
addresses a helix coil inductor of the first 10 enbodi nent of the

i nvention thaveniSRsh umﬁlczfr{mp&@dlédh%&lxh@bgbt foRSgdahd O fddcned 1S an
ext ended t hree-di nensi onal view of the helix COI? |nductor of the

i nvention V\b@cﬁ‘yaof’rﬂﬁé)rlrﬂdlit%@qd'r&‘rbg’ 7 qBgi ght :Ln#iuc SHer, datto HAC 1tate the

foll owi ng di scussi ons iar concept o ree nen5|onal Cartesi an

coor di nat eswié?? %@lfl Y- %.Cs“% ed,w th an epphasis. om h 0 these

coordi nates w e used Tor the subject drscussi on. rtesian

FEpeR eI SR B 4R e

degrees Th@hé% area In addition, the electromagnetic field of the
invention is essentially horizontal and above the surface
of the substrate, which significantly reduced the
resistive losses that are incurred by the inductor in the

10 surface of the inductor. The increased strength of the

electromagnetic field at the center of the body of the
inductor ccombined with the horizontal orientation of the
electromagnetic field of the inductor leads to increased
inductive value of the component and increased Q value of

i5 the inductor.

In view of the above, and congidering that current
trends in the semiconductor industry are gravitating
towards increased use of high-performance broadband RF

20 applications combined with the convergence of computer,
consumer and communication based technologies, it is
expected that the inductor of the invention will exert a
significant influence on current broadband designs and

applications. In addition, for the era of deep-submicron

22




Y axis are in a plane that is parallel with the surface of 23 the substrate
on which the inductor wll be fornmed, the Z axis is therefore

perpendi cular to the plane of the substrate. The three axis of the
Cartesian coordinates intersect in one point, which is considered the
geonetric 5 center of the Cartesian coordinates. Referring now specifically
to Fig. 2a, there is shown a three dinensional expanded view of the helix
coil inductor of the invention whereby the height of the 10 inductor is

uni formin proteased hedmd imegghdlthelheoukBeor pkapseof rdh e rpwdagaeet the
substrate on which the inductor is created. The helix coil of the inductor

has bottomigve| wenduhiorard whRelnkexelofopaycips.shoth the bottom
~level conductors and the upper |evel conductors 15 run parallel to the

pl ane of thg;gu£a&0f; Ma@%rtlsyllﬂgth@ b' £90: SHbsE e mm%toqwer level

conductors are connecte to the upper |evel conductors y means of
conductor igtef f cegy% b%%h@% Zafli peckion. of s the helix inductor.
The hel i x COI| of the uct or 0 |nvent|on Has & 1 ower surface and

an uppers sugf T, rf ce of X coil is't rface of
the hell x %oﬁfg%% 7% 3iose§# %egﬁ r?ur?%ﬁ %ﬁ ??ﬁétﬂﬂhégf§l g substrate
wher eby the, Ig ctoéurhﬁp%.esé é%vances and advantages remaining

valid at high frequencies of applications.

Fig. 2 addresses a helix coil inductor of the first
10 embodiment of the invention that uses uniform conductor

height, as follow:

Fig. 2a is an extended three-dimensional view of the
helix coil inductor of the invention with a uniform

15 conductor height.

In order to facilitate the following discussions, the
familiar concept of three-dimensional Cartesian
coordinates is briefly discussed with an emphasis on how

20 these coordinates will be used for the subject discussion.
The Cartesian coordinates as used herein have three axis,
the X, Y and 7 axis whereby the angle between each of the
three axis and the other two axis is 90 degrees. The X and

Y axis are in a plane that is parallel with the surface of

23




helix coil coincides wth the | ower surface of the | ower 24 |evel
conductors of the helix coil. The upper surface of the helix coil is the
surface of the helix coil that is furthest renoved fromthe surface of the
under | yi ng substrate whereby the upper surface of the helix coil 5
coincides with the upper surface of the upper conductors of the helix
coil. The Cartesian X and Y coordinates are indicated in Fig. 2a, the
third coordinate z is perpendicular to the 10 plane that contains the X and

Y axi s wherehy &liest @dtteeron plranre ithepanalibebrt i1 hendl ahenf, the surface of
the substrate. It is clear fromthe three dinensional view that is shown

in Fig. 2a,akbatishendediocLPdrethiaticdest: ab chbe,ca efr qfhd he conduct or
along the Y-axis and at the 15 point where the X 'and Y-axis intersect. From

this point ghpsfBd Uy dctﬂke@%zﬁrs%%e@hegcapt@éimrc&!ﬁfﬁqﬁt%% al ong the
X-axis, the Y paraneter of the maxi num extension of the successive upper

and |over | eyel,-condugt qy fntf Owltcﬂeﬁ S%él&é’féd haye dc_tgo?f%rt%ﬁ.%l vely
at C

smal l er values. 1t 1s 20 ‘clear t € upper con tors of the

helix cail . Lpterseet, 4guﬁg§ ug%gfﬁan gngle that is 90 degrees while

the | ower | evel "conductors |n ersect -axis wunder an angle that is not
90 degrees but have an angl e of

Referring now specifically to Fig. 2a, there is shown

a three dimensional expanded view of the helix coil
inductor of the invention whereby the height of the

10 inductor is uniform in a plane that is parallel to the
plane of the surface of the substrate on which the
inductor is created. The helix coil of the inductor has
bottom level conductors and upper level conductors, both
the bottom level conductors and the upper level conductors

15 run parallel to the plane of the surface of the underlying
gilicon substrate. The lower level conductors are
connected to the upper level conductors by means of
conductor interconnects that run in the Z direction of the
helix inductor. The helix coil of the inductor of the

20 dinvention haé a lower surface and an upper surface. The
lower surface of the helix coil is the surface of the
helix coil that is closest to the surface of the
underlying substrate whereby the lower surface of the

helix coil coincides with the lower surface of the lower

24




intersect wwth the X-axis without which a helix coil 25 cannot be a helix
coil. One further observation is in order relative to the perspective view
of the helix coil that is shown in Fig. 2a: the height of the vertical

i nt erconnects between the upper and the |ower |evel 5 conductors of the
helix coil is uniform It is inmportant to highlight this at this tinme
because one of the enbodi nents of the invention provides a design where
this is not the case. 10 In Fig. 2a, one of the upper conductors has been

hi ghl i ght edlaset osdt@tiOfo?8, oD thedhediie lomer. ravelppépduetidde Rgs been
hi ghl i ghted as i nductor 26, one vertical conductor interconnect has been

hi ghl i ght edtBg BO1idhébEL the 40 JuHILOWrPYLCRENEET 85 51 tidhdthe el i x coi
of 15 the inductor have been highlighted as 22 and 24. It is further clear

fromthe ViEﬁk@ﬁeéber§ﬁ$$éﬁ(¥¥3m(ghé'y%rﬂa%%egkiQHeFHﬁée%gfhﬁgper level (28)

and |l ower |evel (26) conductors have a cross section t a geonetric

rectangle whideckhee ugiiag) i Shgannecl canduet ors 430, 20, fiave a of oss

section that 1s a cir i1 typical as an axi s, the axis of

ner oty GOkhelRal Bt in L G 2l RALAL! Shpdt ' Soddifoeflne Of the

under | yi ng sem conductor subs not

cf the helix coil.

The Cartesian X and Y coordinates are indicated in

Fig. 2a, the third coordinate Z is perpendicular to the

10 plane that contains the X and Y axis whereby the latter
plane is parallel to the plane of the surface of the
substrate. It is clear from the three dimensional view
that is shown in Fig. 2a, that the helix coil is widest at
the center of the conductor along the Y-axis and at the

15 point where the X and Y-axis intersect. From this point of
maximum width and proceeding in either direction along the
X-axis, the Y parameter of the maximum extension of the
guccessive upper and lower level conductors that form the
helix coil have progressively smaller values. It is

20 further clear that the upper conductors of the helix ceoil
intersect the X-axis under an angle that is 90 degrees
while the lower level conductors intersect the X-axis
under an angle that is not 90 degrees but have an angle of

intersect with the X-axis without which a helix coil

25



26 in Fig. 1) and runs parallel with the X-X axis. This axis of the helix
coil will typically run through the mddle of the coil in the direction
X-X shown in Fig. 2a and in a plane that contains the X-x' axis and is
perpendicular to 5 the surface of the underlying substrate and between the
upper conductors and the | ower conductors at a height above the upper
surface of the |lower |evel conductors that 1is equal to half the height of
the vertical interconnect conductors. 10 The process of creating the helix

coi | conductgin®f bd he Haldentian .usas thechor| ovidg siieps.isThe | over |evel
conductors 26 are first forned, these conductors may be forned on top of a

layer of digt@st rig ddhate has t%ege%épe@@?@ét@pevprbﬁ hesW13se cgfiit he
underlying substrate or they may be forned directly on the surface of the

substrate. dhosed Qes,] eveligonduct eps ﬁé@af soramd cnderqa rel atively

smal | angle with the Y-Y' axi§, an angel etween about 5 and 30

degrees. Afer. el ouer 20 Jevel nconductorsa have been hared, dielectric

is deposited over the surface o the ower ?eve con uctors to a
hei ght t.hat |(§%:e co d ahue of .t he hei gt of verti
|nterco%nec? B Iﬂ% %ﬁiéﬁ é§508?£tﬁ% ﬁ%% ft s b fdne

to highlight this at this time because one of the

embodiments of the invention provides a design where this

is not the case.

10 In Fig. 2a, one of the upper conductors has been
highlighted as conductor 28, one of the lower level
inductors has been highlighted as inductor 26, one
vertical conductor interconnect has been highlighted as 30
while the two input/output connectors to the helix coil of

15 the inductor have been highlighted as 22 and 24. It is
further clear from the view of the helix coil of the
invention that the upper level (28) and lower level (26)
conductors have a cross section that is a geometric
rectangle while the vertical interconnect conductors (30)

20 have a cross section that is a circle.,

A helix coil typiecally has an axis, the axis of the
helix coil that is shown in Fig. 2a is parallel with the

plane of the underlying semiconductor substrate (not shown

26




| evel conductors 28. The conventional dual damascene 27 process then all ows
for the creation of the vertical interconnects 30 at the sanme tine that

t he upper level of conductors 28 are created. After this dual danmascene
process has been conpl eted, the now conpleted helix coil 5 of the invention
can be covered with a passivation |ayer to protect the coil from
environnental |y i nduced danmage. |In perform ng the dual damascene process,
it nust be noted that the input and output connections 22/24 for the helix

coil are toibersdmilt afiedusing gaeatiedlt husnpeoyiding 4:he 1GHTRaR%:ef
accessing the helix coil. Proceeding to Fig. 2b, there is shown an X-X

cross sectépncied ddweiheldid eanh LRgueh ol yofuh hent QY@DtN Widdl s suni form
conductor height. The cross section that is shown in Fig. 2b is taken

along the Xept @5 {psHd _d&%c@gohgﬁl-ié EALIm| Mhhald. ajaﬁ%é hg Line of the

X-axis that is shown in Fig. 2a an ooking at one or the other of the

saved of f  sp{acas). althdeiehare dges hol Lagl f&t;?eu%&g}a&%g}%g&i Qg in

| engths th exl sts between successive an j acent | ower | eve

d i x, coik_of the 20 jnd . H ghlighted i
Fro o0 o ong oot B dPe SvlR iy dhal e €7obd B Tl rller T evel
d

ors 26 an
conduct upper conductors and the lower conductors at a height

above the upper surface of the lower level conductors that
is equal to half the height of the vertical interconnect
conductors,

10

The process of creating the helix coil conductor of

the invention uses the following steps. The lower level
conductors 26 are first formed, these conductors may be
formed on top of a layer of dielectric that hag been

15 deposited on the surface of the underlying substrate or
they may be formed directly on the surface of the
substrate. These lower level conductors 26 are formed
under a relatively small angle with the Y-Y' axis, an
angel of between about 5 and 30 degrees. After the lower

20 level conductors have been formed, dielectric is deposited
over the surface of the lower level of conductors to a
height that is the combined value of the height of the
vertical interconnects 30 and the thickness of the upper

level conductors 28. The conventional dual damascene

27




one of the vertical interconnects 30 between the upper and 28 | ower |evel
conductors. It is understood in Fig. 2b that all cross sections of

i dentical geonetry that are shown at the sanme |evel as cross section 28
are (the other) upper conductors, correspondingly for the |ower |evel
conductors 5 26 and the vertical interconnects 30 of the helix coil.

Furt her shown in the cross section that is shown in Fig. 2b is the silicon
substrate 05 on the surface of which the helix coil of the invention is

created. TherdBebg! inek0iliffs thg Itrﬂl\ée%tﬂe%lbﬁ SECehe éflu?cé ayer 32 of
dielectric that can contain for instance oxid Over t surface of |ayer

32 of diel egﬁgégcgmﬁ)@‘ﬁ% valign ,_Jll,pe(v)%ra 4 ihs g Bgstflgduéé’értjgééze?h%tfecu on

and shi el ding of the COi e |nven on ows an Y-Y'

Cross secti I.X.€C0 u helnetlon with a uniform
conduct or hg?aﬁuc{wﬁ%%r%ﬁ odurls ayeeir&ge%ttf Fred™ippar %n THNETT evel

conductors hellx coi |l are high in F c to ether wth 20
one verti caP |n%erconnec?61be(i vveoéﬁetteﬁg It%’%epognﬂo?‘ﬂv‘égﬁf)‘%ek?eu Yo ks

conduct Eugféher hi ht ed are itens 36, 38 and 40, which represent
respect i eI%} € cotY %?eofcovteﬁgdi UGVEP PeRRESERHALRR Y5, t he

col l ective vertical , )
© protect the coil from environmentally induced damage.

In performing the dual damascene process, it must be noted
that the input and output connections 22/24 for the helix
coil are to be simultaneously created thus providing the
10 means of accessing the helix coil.
Proceeding to Fig. 2b, there is shown an X-X' cross
section of the helix coil inductor of the invention with a
uniform conductor height. The cross section that is shown
in Fig. 2b is taken along the X-X' axis (as if sawing the
15 coil in half along the line of the X-axis that is shown in
Fig. 2a and locking at one or the other of the sawed off
surfaces) and therefore does not indicate the variation in
lengths that exists between successive and adjacent upper
and lower level conductors that form the helix coil of the

20 inductor.

Highlighted in Fig. 2b is one of the upper level
conductors 28, one of the lower level conductors 26 and

one of the vertical interconnects 30 between the upper and
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i nterconnects 30 and the collective ends of the upper. 29 conductors 28 of
the helix coil when l-ooking at this coil fromthe Y-Y' cross cut. For
reasons of sinplicity these collective itens have been highlighted only
once whereby it is understood that the totality of 36, 38 and 40 is 5
represented by equal cross sections that are showmn in Fig. 2c of the sane
geonetric configuration and at the sane (horizontal) |evel as where 36, 38
and 40 have been highlighted. 10 Fig. 2d shows a top view of the helix

coi | i nduct 9bywepl1dNe | AURRIAQR M QSUQPEQEQE?Qﬂd#EQ%f h%ﬁQQEfgln Fi g.

2d only one upper conductor (28) and one [ower [eve uct or 6) have

b | 4. m I f L & f . the t

i ow Chat 1S Ehon ST TS sar nperEE R e e Y e connect

t he highli d d .t I | | duct t h__oth d
et o 2t S0 aif e G CE L RBVES A So! BRI MG I BREED. 20 The

to the i mmedi ate adj acent  conductor's

graphi c displays that are shown i.n Eigs. 2e_an 2f are presented to

facilitate ?% %?C%ﬁﬁﬁ%nﬁﬁﬁﬁﬁﬁ?QBdlpﬁgy g?FuEPﬁrgO%?rt &Y Hel FRTGHTS t he

inventi%$. The I'ngi? shown i.n each of these two figures are imaginary
in

cent er 28 R4t CRE & FeriGTdd LBd gk rarrRg S paf weknt it el idevalils

Further shown in the cross section that is shown in
Fig. 2b 1s the silicon substrate 05 on the surface of
which the helix coil of the invention is created. The
10 helix coil of the invention is created in a layer 32 of
dielectric that can contain for instance oxide. Over the
surface of layer 32 of dielectric a passivation layer 34
is deposited for the protection and shielding of the helix
cqil of the invention.
i5
Fig. 2c¢ shows an Y-Y’ cross section of the helix coil
inductor of the invention with a uniform conductor height.
The previously identified upper and lower level conductors
of the helix coil are highlighted in Fig. 2c¢ together with
20 one vertical interconnect between the lower and the upper
level conductors. Further highlighted are items 36, 38 and
40, which.represent respectively the collective ends of
the lower level conductors 26, the collective vertical

interconnects 30 and the collective ends of the upper
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30 of the upper level and | ower |evel conductors and that run in the
direction of length of these conductors. As such it is convenient to refer
to these lines as the lengthwi se geonetric center lines or sinply the
geonetric centers of 5 the conductors. These geonetric center |ines can
exist in either the upper of the |ower surface of either the upper |evel
or |ower level conductors of the helix coil of the invention. It is
thereby preferred to refer to the geonetric center of the | ower surface of

an upper | eyehadd-Sanductr taRdnkhe x0eenet {;hen CEAEInPlatt heupRes 1sur face
of a lower |evel conductor. The reason for this is that these two

surfaces faggofaoty oher Aukd At { be-VeLLLGAL of NEsfaAuISyl Jmike cont act

wi th these surfaces. 15 Fig. 2e shows a top view netrlc centers

of a samle@mgétfw HaQRduat gr ﬁlé {,hw& 3 "Xoncco"

i nvention. IS notemort y t at the geonefric cen hhe u per | evel

duct t X' d d that th
fﬁﬂgéét"éf %‘E £ 38R éeveaéis-nsﬂg ERLEly Rl ) eﬁ K248 2 point y+

max. % oi nt % Qfﬁ% poi nts are.the 0|nts wher e the eonetrlc

center of t %PE%& RREt Gt @F@ nieees ESHHbE?ﬁr %@ %W%r%59§1 peftivel y

the | ower surfqge of the upper | evel conductor 2%} and t he upper surface
of 2c of the same geometric configuration and at the same

{horizontal) level as where 36, 38 and 40 have been

highlighted.

10 Fig. 2d shows a top view of the helix coil inductor
of the invention with a uniform conductor height. In Fig.
2d only one upper conductor (28) and one lower level
conductor (26) have been cross hatched (limited to only
one for reascons of clarity of the top view that is shown),

15 three vertical interconnects 30 that interconnect the
highlighted upper and the lower level conductors (to each
other) and to the immediately adjacent conductors have

also been highlighted.

20 The graphic displays that are shown in Figs. 2e and
2f are presented to facilitate later explanations of the
structure of the helix coil of the invention. The lines
shown in each of these two figures are imaginary center

lines that are defined as existing between the gidewalls
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31 the I ower level conductor (26). Since the cross section of the vertical
i nterconnect conductor is a circle, the geonetric center of the cross
section of the vertical interconnect conductors is the line that connects
two 5 geonetric centers of two different cross sections of a vertical

i nt erconnect conductor. Further to be noted from Fig. 2e is that the
geonetric centers of the upper level conductors are parallel, that the
upper |l evel conductors are of reduced length for conductors that are

further 10 semonedyfsamidizl opaCsLuMRPeEyLEVELnEQAMIG! UnAtfigkhaty the

upper level conductors extend fromtheir |ntersect mnth axi s over
equal | engt i, atp boify Sides, s tlgh,g;tﬁ EGEESS{: SRECHd ¢l hy E' ghl i ght
sonme of the design aspects of e I'X Col detall een

shown for op %e geeggtquQng%fé§v$I Qggc505?%3éﬁ n&ﬁ%ﬁ%?zgf as shown

represents T onmetric center o e upper with end

poi nts 33 The .circular 20 cross sections of. the vertlc
interconneé%s T?lﬁlc ﬁ?ntfﬁbﬁﬁgﬁﬁ ﬁFtﬁlPﬁgleQ%r9%RW?Eﬁﬁ?(ﬂeqFﬁgsuB%er | evel

conduct 37' ar d as the circles 35 , the center of these
circles 51*5% ‘ﬁ5£ﬁ%6ﬁﬁg TOSSENHEPTEFTL ReCoNERY | LIS (a8t SHR&CEE whi | e
31' are the two lines that

elther the upper of the lower surface of either the upper

level or lower level conductors of the helix coil of the

invention. It is thereby preferred to refer to the

geometric center of the lower surface of an upper level

10 conductor and the geometric center of the upper surface of
a lower level conductor. The reason for this is that these

two surfaces face each other and that the vertical

interconnect make contact with these surfaces.

15 Fig. 2e shows a top view of the geometric centers of
a sampling of top level conductors 28 of the helix coil of
the invention. It is noteworthy that the geometric centers
of the upper level conductors intersect the X-X’' axis
under an angle of 90 degrees, that the longest of the

20 upper level conductors, that is line 61’ has a point v+
max. and a point y- max. These points are the points where
the geometric center of the vertical interconnect
conductors 30 overlays respectively the lower surface of

the upper level conductor (28) and the upper surface of
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32 represent the sidewalls of the upper |evel conductor 37'. The points
41' and 41" are endpoints of geonetric centers of lines that are adjacent
toline 37" that are used in the description under Fig. 2f. 5 Fig. 2f
shows a top view of the geonetric centers of a sanpling of bottoml|eve
conductors of the helix coil of the invention. The | ower |evel conductors
contain two conductors 60" and 60" of maxi num | ength whose geonetric 10
centers intersect the Y-Y' axis at the two points y+ max. and y- mex.

These |atteﬁhéVIbﬁEHrﬂé%éﬂ“%dﬂ@%c&@? 9959t581ﬂ@§r€hérﬁ%dggtééaylon of
i nterconnects for these |lower |evel conductors 60" and 60" are the same

vertical ingescannects al%tté}%ovl%wcceénaa&%gorgegtélmaé g connected to

the 15 maxi mum | engt h upper | evel conductor hese tWo points are, in

e ooy dSgedfiec b ROl herg Lhe mmuLay ftt*hofvetr ddpper | evel
conductors nat nHX|nun1mn omer eve
conduct ors. ote rth in, F| |s th t t he | | eve
conduct ors ﬁgyééggﬁb(ﬂbar§1 G-OX8d i ﬁ?et$ﬂﬁ SSHQSHEf 5ﬁﬁbr an

t hat |sE§ot const ant , veI conductors are of_ reduced

| engt hs ¥ or %%Wﬁﬁﬁi%w%?q &&etwpuﬁﬁﬁg?r?EHDQEﬂsﬁr%ﬁHQ%ﬂP%\ﬁ§ Pongest | ower

| evel

angl e

vertical interconnect conductor. Further to be noted from
Fig. 2e is that the geometric centers of the upper level
conductors are parallel, that the upper level conductors
.are of reduced length for conductors that are further

10 removed from the longest upper level conductor and that
the upper level conductors extend from their intersect
with the X-X’ axis over equal length at both sides of this

intersect.

15 To specifically highlight some of the design aspects
of the helix coil, further detail has been shown for one
- selected upper level conductor 37'. The line 29’ as shown
- represents the geometric center of the upper level
conductor 37', with end points 33’ and 337. The circular
20 cross sections of the vertical interconnects that make
contact with the lower surface of the upper level
conductor 37' are highlighted as the circles 35', the
center of these circles 35’ is the geocmetric center of the

vertical interconnects while 31’ are the two lines that
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conductors 60" and 60" and that the |ower |evel conductors 33 extend from
their intersect wwth the X-XI axis over a distance that is not equal in

|l ength at both sides of this intersect. The angle between the direction of
the Y-Y axis and the direction of the | ower |evel conductors is 5 the
same for the | owest |evel conductors 601 and 60" rmaxi nrum and equal |ength,
this angle increases for lines of geonetric centers that are further
renoved fromthese |ines of geonmetric centers 601 and 60". For pairs of

lines of gepspisisntcariersddiat 1guoround ibpes BO-and-AiuctH} Bhese angles
are the sanme, for instance for lines 43" and 611, the angle between the

direction ofnéNhsidid&@NthAda: Ak ChABofht LNSr Tadondidt Ictyllgssame, as

is the case for lines 621 and 451. is Further 0 Ig. 2f are two

| over | evel os conduetars: 4k, ai ARkt Bt LRLCFONIEE S Dt ypper | evel

conductor 371 of Fig. 2e. This’is g ted e end points of

t he geonetr'ﬁecgg%é%ﬁbéggh dH&ggm%qgrpQ%nts 3311 and 4111) and 451 (between

poi nt 41' 20 and ower | ev conductors 471 and 491 the sane
poi nt's 1 and 33" that have been shown in Fig. 2e. The sidewalls for
| ower | ével conductor 47, have been marked w th 511, the sidewalls for

| ower | evel conqyctor 491 have . ]
1g. 2f shows a top view of the geometric centers of

a sampling of bottom level conductors of the helix coil of
the invention. The lower level conductors contain two
conductors 60’ and 60" of maximum length whose geometric

10 centers intersect the Y-Y’ axis at the two points y+ max.
and y- max. These latter two points are the two points
where the vertical intercomnects for these lower level
conductors 60’ and 60” are the same vertical interconnect
as the vertical interconnects that are connected to the

15 maximum length upper level conductor 617. These two points
are, in other words, the two points where the maximum
width of the upper level conductors matches up with the
maximum width of the lower level conductors. Further
noteworthy in Fig. 2f is that the lower level conductors

20 are not parallel and intersect the X-X' axis under an
angle that is not constant, that the lower level
conductors are of reduced lengths for conductors that are
further removed from the two longest lower level

conductors 60’ and 60” and that the lower level conductors
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been marked with 53'. The dotted lines that are shown in 34 Fig. 2f are the
geonetric centers of the upper level conductors that have previously been
shown in Fig. 2e, including the dotted section of the Y-Y' axis which is
the upper |evel connector of maxinmumlength 61" if Fig. 2e. 5 It nust
further be noted in Fig. 2f that lines of geonetric centers of the |ower

| evel conductors that are |ocated on both sides of the | ongest |ines 60
and 60" are in pairs of equal |ength where the nenbers of each pair 10 are

located on opposH t& i A8 i9f ihicRe3 60" WQBH Bl . x FOr a3l NStAnGey the length
of line 61' is equal to the length of line 43", the length of line 62" is

equal ¢ o they henatd fac netSeau It sabaLher Joub e LONTUEf 91 pattern

of lines that contains nDre i ne the s l'e pattern tha S been

shown in Fi tegg @Wd éie %e%%gr88§ﬁg ?1r ctféﬁ“%% nd%c%or of the
h

i nvention that uses un OI’ m-conduct or herg ur ernore

ferromagnetjc. mate | i.ncor po The 20 uction, of the hel i x
S o 0% I S oEnghn P TRECE: b= 3a SHIHGH ad

coil of the™Tnven |on
identic t the £9 str i.on of e helix_coil of the |nvent|on that has
been shg#h Fhe %é¥ Q$%miﬁwe§& &FVﬁltﬁanﬂﬁfhﬁr%uﬁP 60"

maximum and equal length, this angle increases for lines

of geometric centerg that are further removed from these

lines of geometric centers 60’ and 607. For pairs of

lines of geometric centers that surround lines 60 and 607,

10 these angles are the same, for instance for lines 43' and
61', the angle between the direction of thig line and the
direction of the ¥Y-Y’ axis is the same, as is the case for

lines 62 and 45°'.

i5 Further shown in Fig. 2f are two lower level
conductors 47’ and 49’ that interconnect with the upper
level conductor 37’ of Fig. 2e. This is highlighted by
making the end points of the geometric centers 43°
(between points 33” and 41%) and 45’ (between point 41’

20 and 337) of lower level conductors 47' and 49' the same
points 33’ and 33” that have been shown in Fig. 2e. The
sidewalls for lower level conductor 47’ have been marked
with 51’, the sidewalls for lower level conductor 49’ have

been marked with 53'., The dotted lines that are shown in
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significant difference that a ferromagnetic core 42 has 35 been

i ncor por at ed between the upper and the I ower level inductors of the helix
coil. The conments and highlighted features that apply to the respective
drawings are therefore equally applicable between for instance Fig. 2a 5
and Fig. 3a, Fig. 3b and Fig. 3b, etc. with the notable exception that
each of the Fig. 3a through 3d shows the incorporation of the
ferromagnetic core 42. Fig. 3a is an extended three-dinensional view of the

10 hel i x Coblgl ngiciar e ridiyan! bafckLhoa UALTghm.coandugtor hei ght

wher eby ferronagnetlc material 42 is 1ncorporated. e nethod to formthe

nel i x coil olndhercdd dinentd.an bt 1as,been, suppll od, wih berromgnet i c

mat eri al betmeen t he upper an ower | evél —conduc ors of The“Cdil is as
follows. Th the hel ix,, cojl ponduct f invention
uses the fo omn itee e %§ﬁ§§oﬁesglt%og%u%torsEﬁéqarglflrgp ®f or ned,
these 20 co By, rmed_on to er_of, |electr|c t hat has
been dep03|€§%g fe §%ﬁ %ﬁ§39ﬁ th@aﬁﬁﬁg §?ﬁ%€ﬁ stifatfe%r 2fhey may be

f or med rectly on the surface of the substrate These | ower | evel
conductors 26 are formed under a relatively small angle with the Y-Y

axi s, an . .
It must further be noted in Fig. 2f that lines of

geometric centers of the lower level conductors that are
located on both sides of the longest lines 60’ and 60” are
in pairs of equal length where the members of each pair

10 are located on opposite sides of lines 60’ and 607. For
instance, the length of line 61’ is equal to the length of
line 43’, the length of line 62’ is equal to the length of
line 45'. This pattern would continue for a pattern of
lines that contains more line than the sample pattern that

15 Thas been shown in Figs. 2e and 2F.

Fig. 3 addresses a helix coil inductor of the
invention that uses uniform conductor height whereby
furthermore ferromagnetic material 42 ig incorporated. The

20 construction of the helix coil of the invention that is
shown in the Figs. 3a through 3d is identical to the
construction of the helix coil of the invention that has
been shown in Figs. 2a through 2d with the major and

significant difference that a ferromagnetic core 42 has
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36 angel of between about 5 and 30 degrees. After the |ower |evel
have been forned, dielectric is deposited over the surface of
evel of conductors to a height that is the conbi ned val ue of
of the 5 vertical interconnects 30 and the thickness of the

upper |evel conductors 28. A layer of ferromagnetic material is next

sel ectively deposited whereby this |ayer covers the surface of the
| ayer into which the |Iower |evel conductor have been forned

while it al eekovESridiankd Bathacs @het B?REP%d|€1¥@|1&@1dl1%tv%ﬁS- The

conductors
the | ower |
t he hei ght

dielectric

ferromagnetic material does not overlay

e surface areas for the

vertical inigacennestsr that @1@:&&@39 nedal BoliEntPPSlg BYrhacheeh the

| ower | evel

connector but is boun

! 3 _ _ cTCenters. AT
Cposi 100 Buareihe Tayer i B oaghetPeC sy 2 M £ nel Lo ng the

deposi ted

surface are

regi ons of

d 20 hen all
[ nt o1 ComhectRE 30T e iite T 4B FAE -t

ws for .the Ereation of.tq§?verti al

upper YevRIt

are created. After thhf dual danmascene . process has been conpl et ed,
conpl et ed heFFSPL that each of the Fig. 3a through 3d shows the

10

15

20

incorporation of the ferromagnetic core 42.

Fig. 3a is an extended three-dimensional view of the
helix coil inductor of the invention with a uniform
conductor height whereby ferromagnetic material 42 is

incorporated.

The method to form the helix coil of the
invention that has been supplied with ferromagnetic
material between the upper and lower level conductors of
the coil is as follows. The process of creating the helix
coil conductor of the invention uses the following steps.
The lower level conductors 26 are first formed, these
conductors may be formed on top of a laver of dielectric
that has been deposited on the surface of the underlying
substrate or they may be formed directly on the surface of
the substrate. These lower level conductors 26 are formed

under a relatively small angle with the Y-Y’ axis, an
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by these geonetric centers. After the

| ower

ntGRd et ors 28

t he now



of the invention can be covered with a passivation |ayer 37 to protect the
coil fromenvironnentally induced damage. |In perform ng the dual damascene
process, it nust be noted that the input and output connections 22/24 for
the helix <coil are to be sinultaneously created thus providing the 5 neans
of accessing the helix coil. Fig. 3b shows a X-X cross section of the
helix coil inductor of the invention with a uniform conductor height
whereby ferronmagnetic material 42 is incorporated 10 Fig. 3c shows a Y-Y

cross sectigagof dhedisldor, Goldur ENdUGt 96 BLoLDEST VAN Qhaiiyeg unif orm

conductor height whereby ferromagnetic mat er IS |ncorporated 15

Fig. 4 addresses Lheaifdd sEbadiment 0L, Lhe té‘i’%@éé%‘ PR is g hel i x

coil inductor Invention that uses ver I ca erconn

non-uni f orm, Sy IS I hi respec rtant to reiterate the
concepts of u%%ei%t}%:ondtl or 8, t1”10\%& st’e g%ﬁu%?%‘? %’rzqo & verti cal

i nt er connecy 44 bet.ween, t up | o v conductor. The main
poi nt - of i nter Rt E#gha St 4%%%3 38§H§n?¥§th?ﬁe (% s the

| engt h %{ t he vertlcal i nt erconnecti on 44 between the Iomer | evel (26)

and the evEF bRt T EGEEorS PREt thEr Rt HEneRs jof the upper

level conductors 28. A layer of ferromagnetic material is
next selectively deposited whereby thig layer covers the
surface of the dielectric layer into which the lower level
conductor have been formed while it also covers the

10 surface of the lower level conductors. The ferromagnetic
material does not overlay the surface areas for the
vertical interconnects that are contained in the upper
surface of the lower level connector but is bounded by
these geometric centers. After the ferromagnetic material

15 has been deposited, a layer of dielectric is deposited
over the layer of ferromagnetic material thereby including
the surface areas of the lower level conductors that
protrude from the lower regions of the layer of
ferromagnetic material. The conventional dual damascene

20 process then allows for the creation of the vertical
interconnects 30 at the same time that the upper level of
conductors 28 are created. After this dual damascene
process has been completed, the now completed helix coil

of the invention can be covered with a passivation layer
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38 coil of the invention. One such vertical interconnect has been

hi ghli ghted as interconnect 44 in Fig. 4a. By evaluating the conparative
hei ghts of the other vertical interconnects that are shown in Fig. 4a it
is clear that 5 the height of these interconnects is not constant but

vari es between adjacent vertical interconnects when proceeding in the X-X
direction of the helix coil. The |lower level inductors of the helix coi
are in one plane, the distance between the upper conductors and the | ower

10 | evel Coﬂguﬁi&{écﬂVﬂHeC*&dﬂ tffi%ml eﬂ%boﬂ&ew&s}?r{ﬂ&@éed I Geonnect s

bet ween the upper and the | ower |evel conductor varies wt maxi num

distance bet 10, 85 €58Rng irhd %ageagagsggnghgrggé% wher 6, (e X éotaad the

Y-Y' axis intersect, fromwhich maxi num the di st ahce between u 15 and

Lover | evel . gandugd ar .1 Lhe helix PELSESES AN £SOVl Lpg. bet neen

adj acent conductors o el X COI eén~ progr S|ng in'elt er *direction

in the diregtjpn of X=X s of .the 0 This, structure of

varyi ng dlééaﬁces bé%meeﬁ”gllgg ﬁ?uﬁﬁBeFrﬁﬁ% %oﬁ% S |RARLIHEY bRGuct or s of

t he helﬁg coil of the |nvent|o§ ﬁ her concentrates the el ectromagnetic
&St RE

field of thB H&T i%- B9 Su ¢&nf8tlof the helix coil whereby the
center of the helix coil is |ocated underneath the | ongest upper

Fig. 3b shows a X-X' cross section of the helix coil
inductor of the invention with a uniform conductor height

whereby ferromagnetic material 42 is incorporated.

10
Fig. 3¢ shows a Y-Y' c¢ross section of the helix coil
inductor of the invention with a uniform conductor height
whereby ferromagnetic material 42 is incorporated.
15 Fig. 4 addresses the third embodiment of the

invention, which is a helix coil inductor of the invention
that uses vertical interconnectg 44 of non-uniform
heights. It is in this respect important to reiterate the
concepts of upper conductor 28, lower level conductor 26
20 and vertical interconnect 44 between the upper and the
lower level conductor. The main point of interest under
the third embodiment of the invention is the length of the
vertical interconnection 44 between the lower level (26)

and the level upper (28) conductors that form the helix
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| evel conductor of the helix coil and in the cross section 39 of the helix
coil in the Y-Y' direction where the vertical interconnects have a nmaxi mum
hei ght, whereby the center point is renmoved fromthis | ongest upper
conductor by a distance that is equal to half the average height of the 5
vertical interconnects between the upper and the | ower |[|evel conductors of
the helix coil. The height of a vertical interconnect is thereby
understood to be the Ilength of a vertical interconnect between the upper

surface of thellomernd eMleFARMCAE B0EHt DEXEPURT SWdACHNEQOhkhe upper
conductor to which the vertical interconnect 1is connected. Fig. 4a is an

ext ended t hpeen di f@nsi analg \QSeWanerSBﬁneggl hz,fg]fll?l %‘Jﬁ]ndﬁiﬁct ¢, of the

invention with a non-uni form 15 conductor hei e concébt of the

different heghts: oo he AeH.Cal Enteesppoect s. et gen the yppsr and the

| ower | evel conductors of the heli x coi e invention T s ear from

t his expand | i hown in Fig. 4a. 20 The nethad of formng the
hel i x coi l %?t%#éaﬁééﬁﬁﬁnﬁﬁﬁi trgtSﬁggnalﬁo%}%hi?%rhﬁkﬁﬁ e%rht&aairection
surface of the underlyiqﬁﬁzs%pihkate is as

For | ove 3 THELBGERIL. o CPEE g EREoRBPFRS (9 mot ebifheai
varies between adjacent Vertical interconnects when
proceeding in the X-X’ direction of the helix coil. The
lower level inductors of the helix coil are in one plane,
the distance between the upper conductors and the lower

10 level conductors (which is the length of the vertical
interconnects between the upper and the lower level
conductors) varies with a maximum distance being present
in the center of the coil where the X-X’ and the Y-Y’ axis
intersect, from which maximum the distance between upper

15 and lower level conductors of the helix coil decreases in
equal steps between adjacent conductors of the helix coil
when progressing in either direction in the direction of
the X-X' axis of the helix coil. This structure of varying
distances between adjacent upper and lower level

20 conductors of the helix coil of the invention further
concentrates the electromagnetic field of the helix coil
around the center of the helix coil whereby the center of
the helix coil is located underneath the longest upper

level conductor of the helix coil and in the cross section
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coil conductor of the invention uses the follow ng steps. 40 The | ower

| evel conductors 26 are first forned, these conductors nmay be forned on
top of a layer of dielectric that has been deposited on the surface of the
underlying substrate or they may be forned directly on the surface of 5

t he substrate. These | ower |evel conductors 26 are fornmed under a
relatively small angle with the Y-Y' axis, an angel of between about 5 and
30 degrees. After the lower |evel conductors have been fornmed, the bal ance

of the progessgnd oieff MG tRe chel 'YXYGOH!LréQ@Ioﬁ%MH@ Vel c19 4a
proceeds in incremental steps where each of the steps is controlled by the

hei ght of the.&esharlded MR aC%5X1bﬂReﬁ§9§H€Ctﬁhé E%JEﬁ% J% clegpl ement ed.

It must in this be renmenbered that an in tor 1's cr as objective

to eStab||?$O|nnf£F €ﬁ€?% 4 ical, Qgrfoagﬁgggtp ggtééPdué¥' ?)the coil.

Fromthis ol Tows th cal “design pa?hneters for

the coil ar e by the expe ectrlcal ar.anet er the coil
These phys?cg§£§%sﬁghqbar g%stgrg ngny,eo%% St ?ﬁéjﬁgglcﬁngﬁeters for
the coil_that_jis sho i_n 4a and that. 20 is of interest at this point
is the helgﬁ?r%ﬁc$% %ﬂ§?¥i YPnPEFUSRReERS ARET Hith é§1 & oner | eve

conductors fﬁ hl t he, upper IeveI conductors, Bg of exanple a set of two
evel conductors of the helix coil. The helght of

vertical interconnect is thereby understood to be the
length of a vertical interconnect between the upper
surface of the lower level conductor and the lower surface

10 of the upper conductor to which the vertical interconnect

is connected.

Fig. 4a i1s an extended three-dimensional view of the
helix coil inductor of the invention with a non-uniform
15 conductor height. The concept of the different heights of
the vertical interconnects between the upper and the lower
level conductors of the helix coil of the invention is

c¢lear from this expanded view that is shown in Fig. 4a.

20 The method of forming the helix coil of the
invention that has a non-uniform height in a direction
that is perpendicular to the surface of the underlying
substrate is as follows. The process of creating the helix

coil conductor of the invention uses the following steps.
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upper and |l ower |evel conductors highlighted with 26' (for the two |ower

| evel conductors), 28 (for the two upper 41 | evel conductors) and the

t her eby bel ongi ng vertical interconnect 44' have been highlighted. Sone
observations are relating to these two sets of conductors are in order. 1)
the |l ower |evel conductors 26' are at this stage 5 . of the process of
creating the helix coil in place 2) all four vertical interconnect 44' are
of equal height 3) the two upper |evel conductors 28 are of equal

I ength, andreguabwéPi LhRes okt Absabl-cOENBE L PAYSHGR! dRSIHN paranmeters

such as conductor width, material used for the conductor are the sane for

the two UPPEbnbauehr& MENAO DHaRa o B! BESL! Der APy alival fihat the

above indicated 15 steps of creating the coil o e invention that is

shoun 10 F haf @l eULLE I ERGA! LY Ehe WISEEDY oAULDA,EAGN ;060 € @ set

of vertical 1nterconnects togeﬁher W t connecting upper “Iéevel

conduct ors | j C ted, |t .S _not unr.easopable to su t that there
are N di ffe%@ﬁ%gg%g%acgﬁgtshﬁ%rmatyhéaehé‘cfjﬁﬁ‘fagl—l\c}lF?cgﬂ% %r@?ecaﬁqgi?fﬁc r &onnect s
wher eby 1t he_yal ue of ingremental ly_increases froma _mninmumval ue (at
the ext réem- Fpgss%stt]ﬁagg/%opﬁneisr?t éveryleveﬁ. conauctors 26 are forme%

under a relatively small angle with the Y-Y’' axis, an
angel of between about 5 and 30 degrees. After the lower
level conductors have been formed, the balance of the
process for forming the helix coil that is shown in Fig.
10 4a proceeds in incremental steps where each of the steps
is controlled by the height of the respective vertical
interconnects that must be implemented. It must in this be
I
remembered that an inductor is created with as objective
Eo establish certain electrical performance parameters for
15 the coil. From this it immediately follows that the
physical design parameters for the coil are determined by
the expected electrical parameters of the coil. Thesge
physical design parameters are many, one of the key
parameters for the coil that is shown in Fig. 4a and that
20 is of interest at this point is the height of the vertical
interconnects that connect the lower level conductors with
the upper level conductors. By way of example a set of two

upper and lower level conductors highlighted with 26’ (for

the two lower level conductors), 28’ (for the two upper

41



direction of the X-X axis) to a maxi mumvalue (at the point where the
coil intersects with the Y-Y' axis). If it 42 is assuned that H/mn = Hvl
is the | owest value of the height of the respective vertical interconnects
and Hvmax then the first step after the conpletion of the |lower |evel
conductors is to deposit a first layer of dielectric 5 over the | ower |evel
of conductors, this layer of dielectric having a thickness that equals the
sum of Hvmin plus the required thickness of the upper |evel of

conduct or s. 1 8ed r €l die- tupRer aln%V%eofchgeegy%Qién%Qg th&-¢ lhgrew th
|

connected vertical interconnects can be created, nput and out put

connect i ons; A2 Ao disds DLl pEGH, s LA S PULRQS &y Jvail chaver of

dielectric is deposited whic as t ss that I's equal to the

verti cal L?égrféigﬁiﬁ%;¥g ditdat (S %%gg %g ﬁgﬂgfgéOEQe 1/ Q, connectors to

the coil) us t kness of an u evel - conduttor” Ater ‘this

first layer of djelectric ha been deposited, the dual danascene procedure
al l ows for thedg%ﬁh é%ggﬁéﬁf?ggtF8H8§F%?ﬁg %@rt?%%ﬁﬁfﬁgﬁfkﬁﬁﬁggts 44"
(two in&punbgr%?and | / O conductors 22 gnd 24 (two,. jn  nunber). After the
| / O conrect %" 2272 LA héen CrELLLE, t26 PRYITpPRL I v anduct ors and t he

t her eby bel ongi n verti cal interconnects can be created again using the
y g 9 |
dual ) all four vertical interconnect 44’ are of equal

height
3) the two upper level cdnductors 28’ are of equal
length, and equal thickness, and
10 4) all other physical design parameters such as
conductor width, material used for the conductor are the

same for the two upper level conductors 28°.

From this it becomes c¢lear that the above indicated

15 steps of creating the coil of the invention that is shown
in Fig. 4a requires a repeat cycle whereby, during each
cycle, a set of vertical interconnects together with the
connecting upper level conductors is being created. It is
not unreasonable to suggest that there are N different

20 values for the height Hv i1s the vertical interconnects
whereby the wvalue of Hv incrementally increases from a
minimum value (at the extremities of the coil in the
direction of the X-X’ axis) to a maximum value (at the

point where the coil intersects with the Y-Y’ axis). If it
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damascene process. A second |layer of dielectric is deposited over the
surface of the first layer of dielectric, the thickness of this second

| ayer of 43 dielectric is equal to the sumof the interconnects 441 and
the thickness of the upper |evel conductor. The dual danascene process now
allows for the creation of the vertical interconnects 441 (four in nunber)
and the upper 5 level conductors 281 (two in nunber). These processing
steps of depositing a layer of dielectric (wth a thickness that is equal

to the conbiped he height jof. the vertical interconnect that is
to be conta?neﬁgﬁﬁg%h€%a§ayefngf ?ﬁg'&Fefggt?Pge%Euga?%% %qiﬁickness of

t he upper | onpect or_t hat .connects .the .t to be creat vertical

i nt erconnecﬁé?‘g?gl (Ir)]f(;ve:ede blile%%eeCtl(}ruealvegzcr%ﬁggeﬁg\é\gfgﬁn%?cﬁ cﬁﬁcﬁg{"ﬂ%{ verti cal
i nt er connec and t he. connecting u r level conductor are repeated. Wth
t he dual da%r%%%etgléesf]elbs? H‘satte%a?gft‘xfiggﬁ “nGPERLEE 9B ‘Plgr%]?&?\ F99S% assumed

t hat as parﬁ of _this step netal is. deposited to fill the created openings
and that thi§ PRSP IhyE & dsrsi tnay TaBEF ohAYEY Pe PIhpstiried. By
repeating these processing steps the point is reached where the |ast upper

| evel cohduBt®F t 1P rsitedd ofTricgdpgtpases shhe el 2iges ¢he same

procedures that have been applied
dielectric having a thickness that equals the sum of Hvmin

plus the required thickness of the upper level of
conductors. Before the upper level of conductors and the
therewith connected vertical interconnects can be created,

10 input and output connections 22 an 24 must be created. For
this purpose a first layer of dielectric is deposited
which has a thickness that is equal to the vertical
interconnect 44" (that is used to connect the I/0
connectors to the coil) plus the thickness of an upper

15 level conductor. After this first layer of dielectric has
been deposited, the dual damascene procedure allows for
the simultaneous creation of the vertical interconnects
447 (two in number) and I/0 conductors 22 and 24 (two in
number) . After the I/0 connects 22/24 have been created,

20 the upper level conductors and the thereby belonging
vertical interconnects can be created again using the dual
damascene process. A second layver of dielectric is

deposited over the surface of the first layer of

dielectric, the thickness of this second layer of

43



for the creation of the precedi ng upper |evel conductors wth the
exception that only two vertical interconnects are created wth one

t her eby bel ongi ng upper | evel conductor, this in accordance with the coi
that is shown 44 in Fig. 4a. There is no reason to assune that the process
of the invention nust end with only one | ongest upper |evel conductor, it
is perfectly feasible to have for instance three or any ot her nunber of
upper level 5 conductors that are of one maxi mum | ength. After the | ast

dual danmascengl §Eeeessidasnhpeno epapkaheds the NovLcUHLLed shelix coil of
the invention can be covered with a passivation |layer to protect the 10

coil from eaﬂérﬂwﬁéﬁﬂeés{"n %%ed%§?Q§- 16181 88, 800Vs. aryl 56T 0SS

section of the helix coil uct or the invention wth 'a non-uni form

conductor B hlendiS: G085 SECLLORLLNGL T BnShONDL LI B shovs 15 very

clearly the variatiomin the e vertical ~1nterconnects between

t he upper h ower_ level conductars that formdthe l.Li x coil of the

i nventi on. a{%%éélgaeirt]}q%ta 9 neercciz_‘gnr%gct (?R&F s ff ?]f)ghatré%et\ﬂet WEEET s
representative of the vertical interconnects of the helix 20 coil, adjacent
to vert?%ali?%?gr ?ﬁ°§ﬁ12§re(tWﬁtéPCBHWQEFE'tTEﬁS%UR¥Qﬂe§ﬁﬁ¥9Uniforn1

hei ght s. _

steps of depositing a layer of dielectric {(with a
thickness that is equal to the combined value of the
height of the vertical interconnect that is to be
contained in this layer of the dielectric plus the

10 thickness of the upper level connector that connects the
two to be created vertical interconnects) followed by the
dual damascene step of etching the vertical interconnect
and the connecting upper level conductor are repeated.
With the dual damascene step that has been indicated

15 herein it is assumed that as part of this step metal is
deposited to fill the created openings and that this
deposited layer of metal may optionally be planarized. By
repeating these processing steps the point is reached |
where the last upperrlevel conductor must be created. This

20 1in essence uses the same procedures that have been applied
for the creation of the preceding upper level conductors
with the exception that only two vertical interconnects
are created with one thereby belonging upper level

conductor, this in accordance with the coil that is shown
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45 Fig. 4c shows an Y-Y' cross section of the helix coil inductor of the
i nvention with a non-uni formconductor height. 5 Fig. 4c shows the varying
| engt hs of the upper level conductors 46 that are part of the body of the

helix coil of the invention. Were the upper |evel conductor is |abeled
46, this label is nmeant to represent any and all of the upper |evel
conductors of the helix coil. 10 Figs. 5a through 5c present the fourth

enbodi nrent of the invention and show the helix coil of the invention that

is identicaintpidhesdeline&oiils o tHRasbhi £d 28880dI fRN Gl e deauention
(as shown in Fig. 4a through 15 4c) with the exception that "a ferromagnetic

core 48 hasyrbegd i AGUPUALRL %tng m%hhshh?hgﬁetf&ééyte%ﬁg} Thi's

ferromagnetic core 48 1s Interposed between e upper- and e |lower |evel

conductors Qé‘ﬁ%?ecg}e&d%%&or 8-+ C2_)L?5 g)iegtfﬁggllksfggs%ieeﬂ?%%év@ ge. di mensi onal

vi ew of the i X col I 'nduct vention w a non-uni form

conduct or hej e ferronagnetic material 48 is . incorporated. 46 The
b ocessi ng oh 2pE R arTRe Fedil Ga'es BIGAES fheibper 16vEl

5 conductors that are of one maximum length.

After the last dual damascene process has been
completed, the now completed helix coil of the invention
can be covered with a passivation layer to protect the

10 c¢oil from environmentally induced damage.

Fig. 4b shows an X-X’' cross section of the helix coil
inductor of the invention with a non-uniform conductor
height. The cross section that is shown in Fig. 4b shows

15 very clearly the variation in the height of the vertical
interconnects between the upper and the lower level
conductors that form the helix coil of the invention. The
vertical interconnect that is highlighted with 44 is
representative of the wvertical interconnects of the helix

20 ceil, adjacent to vertical interconnect 44 are

interconnects that are of non-uniform heights,

45



structure of the coil as it shown in Fig. Sa conbines that process of
first depositing a |layer of ferromagnetic material, as it nmust be done for
the creation of the coil 5 that is showmn in Fig. 3a, after which the

vari ous heights of vertical interconnects and the upper |evel conductors
t hat connect these vertical interconnects is performed as has previously
been described in detail under Fig. 4a above. 10 Fig. 5b shows an X-X

cross section of the helix coil inductor of the invention with a
non-uniforn1coan%§ ac NBIQRL Jwher eby o] o ri.al .48 |
i ncorporated. 15 Fig. 50 shows an ?— ckggésggggg %cngnﬁﬁ%lﬁ%lﬁ FQ§%0|

i nduct or of non- u fornlcondu tor ht mhereby
ferronagnet|0|ﬂﬁeﬂlg# jﬁaﬁgﬁgﬁ%ﬁFBOWé éd Eog %léﬁomscﬁ?éghphlc depi ction

of the Qfa %é Las a 20 function of frequency for a conventional spiral

i nductor and t®7-the helix coil inductor of the invention. The frequency
of application of the inductor is plotted (in GHz) along the horizontal
axis of the graph, the Q factor of the inductor is plotted along the

vertical_ axis (|n 47 units of quality factor). Curve a depicts the relation
between %Q and t h&'dr &mm%ﬁhépaﬁraaﬁaoﬁe%w%r@f the upper level

conductors 46 that are part of the body of the helix coil
of the invention. Where the upper level conductor is
labeled 46, this label is meant to represent any and all
of the upper level conductors of the helix coil.
10
Figs. 5a through 5c present the fourth embodiment of
the invention and show the helix coil of the invention
that is identical to the helix coil of the third
embodiment of the invention (as shown in Fig. 4a through
15 4c) with the exception that a ferromagnetic core 48 has
been incorporated into the helix of the invention. This
ferromagnetic core 48 ig interposed between the upper and

the lower level conductors of the helix core.

20 Fig. 5a is an extended three-dimensional view of the
helix coil inductor of the invention with a non-uniform
conductor height whereby ferromagnetic material 48 is

incorporated.
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conventional spiral inductor while curve b depicts the relation between Q
and the frequency of application for 5 the helix coil inductor of the first
enbodi ment of the invention. The advantage gained by the helix coil of the
invention is clear, the Q factor of the helix coil of the invention only
starts to decrease after an operational frequency of 3 Giz has been
reached. 10 Fig. 7 shows a graphic depiction of the Q factor as a function
of frequency for the helix coil inductor of the invention and for the
hel i x coil inductigs Ofoddigsiimyedsancnte WLcheg.fard anpanetic ore has
been added. The 15_f§%quenc§£¥f g%blication ofe?%e %n uctoréﬁs pﬁopted (in
Giz) al ong Lhe.boria ot alpaticy 10f '(1% gas%iﬂhfigg. (B0 Ay Qe ol RRaLNAUCT OF
is plotted along the vertical axis (in units o ual1ty ftactor). rve "a"
depicts the i O n h requency.of application for the
hel i x 20 co?%g+%%%é?%fég%%fﬁgﬁﬁﬁgggpgo% &ﬁ?g% %ﬁr%%?m%§g§ﬁ§§%ﬁs t he

rel ati on be n. Q and t.he frequen of _app]jcation for he hel i, x coi

i nduct or of&%(\ﬁ%}%v’en%si 012& tméls%n:éceh%ﬁnef gPEo%ﬁn‘é]f‘?%tjc‘i‘ﬂ é’%a@%&é’ﬁ{added.
The adv%pta?ﬁ gaingﬂ%Qﬁh,the.addition of ferromagnetic core to the helix
coi | of 48 THR™i HvettT'6h s fi%ear? t RETEFf HRiGR b7e t¥Rr irdls hedghtSof

of vertical interconnects and the upper level conductors

that connect these vertical interconnects is performed as

has previously been described in detail under Fig. 4a

above.
10
Fig. 5b shows an X-X’ cross section of the helix coil
inductor of the invention with a non-uniform conductor
height whereby ferromagnetic material 48 is incorporated.
15 Fig. 5c shows an Y-Y’' cross section of the helix coil

inductor of the invention with a non-uniform conductor

height whereby ferromagnetic material 48 is incorporated.

Fig. 6 shows a graphic depiction of the Q factor as a
20 function of frequency for a conventional spiral inductor
and for the helix coil inductor of the invention. The
frequency of application of the inductor is plotted (in
GHz) along the horizontal axis of the graph, the Q factor

of the inductor is plotted along the vertical axis (in

47




.the invention only starts to decrease after an operational frequency of 3
GHz has been reached. 5 The follow ng data further quantify the results
that have been sumari zed by the graphs that are shown in Figs. 6 and 7.
#1#2#3 10#11.01.01. 0 um #21. 01. 01. 0 um #310. 04. 04. 0 um #42. 011. 01. 0 um
#550. 0200200 um 15#6152040004000 um #721, 8689, 5009, 500 un?

#83. 4810. 7014. 84 nH #91. 806. 107. 64 #103. 708. 4710. 68 20#115. 009. 3010. 87
#122079326% #13238%324% #14129%188% #1586%98% 49 #16 57% 57% wher ei n:

units of quality factor). Curve a depicts the relation
between Q and the frequency of application for the
conventional spiral inductor while curve b depicts the
relation between Q and the frequency of application for
5 the helix coil inductor of the first embodiment of the
invention. The advantage gained by the helix coil of the
invention is clear, the Q factor of the helix coil of the
invention only starts to decrease after an operational
frequency of 3 GHz has been reached.
10
Fig. 7 shows a graphic depiction of the Q factor as a
function of frequency for the helix coil inductor of the
invention and for the helix coil inductor of the invention
to which a ferromagnetic core has been added. The
15 frequency of application of the inductor is plotted (in
GHz) along the horizontal axis of the graph, the ¢ factor
of the inductor is plotted along the vertical axis (in
units of quality factor). Curve “a” depicts the relation
_between Q and the frequency of application for the helix
20 coil inductor of the invention while curve “b” depicts the
relation between Q and the frequency of application for
the helix coil inductor of the invention to which a
ferromagnetic core has been added. The advantage gained by

the addition of ferromagnetic core to the helix coil of
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colum #1 represents the conventional spiral inductor 5 colum #2
represents the helix coil inductor of the invention of uniform height

wi t hout ferronmagnetic core colum #3 represents the helix coil inductor of
the invention of uniformheight with ferromagnetic core, while: 10 row #1
represents netal 1 thickness row #2 represents nmetal 2 thickness row #3
represents conductor width row #4 represents conductor spacing row #5
represents the smaller (par. 22, Fig. 1) inner 15 conductor |ength row #6
represents EALalneandual ofs ONGLY  JANCHESRERLESENLS: LAl Sl Surf ace
area row #8 represents inductance val de row #9 represent's value at 1 G&
20 row #10. Eﬁ@rfﬁ@gﬁlﬁl&: Vcﬂhy s%}ar%sgrz% d'é%‘é‘ve#%% égipé eser:rlltos ega E%.lolillec’;llat 3 G
row #12 represents the percentile |nprovenen? P2t Rduct’ ve o Val'ié®when

conpared w h ny i gnal.__spiral inductqr 50 row #13 represents the
%Pe%_{ugn ngn?ﬁr%’l C%qz ausgbegp fe@;éeah

percentile Inprove va en conpared with the
conventional spiral inductor
5 The following data further quantify the results that

have been summarized by the graphs that are shown in Figs.

& and 7.
#1 #2 #3
10 #1 1.0 1.0 1.0 um
#2 1.0 1.0 1.0 um
#3 10.0 4.0 4.0 um
#4 2.0 1.0 1.0 um
#5 : 50.0 200 200 um
15 #6 1520 4000 4000 um
#7 21,868 9,500 9,500 um’
#8 3.48 10.70 | 14 .84 nH
#9 1.80 6.10 7.64
#10 3.70 8.47 10.68
éo #11 5.00 9.30 10.87
#12 207% 326%
#13 238% 324%
#14 129% 188%
#15 86% 98%

49



row #14 represents the percentile inprovenent in Qvalue 5 at 2 Giz when
conpared with the conventional spiral inductor row #15 represents the
percentile inprovenent in Q value at 3 GHz when conpared with the
conventional spiral inductor 10 row #16 represents the reduction in total
chip area required when conpared with the conventional spiral inductor.
It is clear fromthe above indicated data that the 15 inprovenents that
are obtained by the helix coil inductor of the invention are not only
obvi ous butgakso very significant. Al though the inventipon has been
described and 20 illustrated with reference to specific 1llustrative
enbodi nents thereof, it is not intended that the invention be limted to
those illustrative enbodi ments. Those skilled in the art will recognize
t hat variatigngefgd nodi fications can be nade w thout departing fromthe
51 spirit of "‘the invention. It is therefore intended to include within the
i nvention all.such,variati ons an?@ nodi fications which fall within the

q

scope of t hE°hAPPRnited TS th F Meq TPPEPBRE S B hefRbfal inductor

5 column #2 represents the helix coil inductor of the
invention of uniform height without ferromagnetic core
column #3 represents the helix coil inductor of the
invention of uniform height with ferromagnetic core,
while:
10 row #1 representg metal 1 thickness

row #2 represents metal 2 thickness

row #3 represents conductor width

row #4 represents conductor spacing

row #5 represents the smaller (par. 22, Fig. 1) inner
15 conductor length

row #6 represents total conductor length

row #7 represents total chip surface area

row #8 represents inductance value

row #9 represgents Q value at 1 GHz
20 row #10 represents Q value at 2 GHz

row #11 represents Q value at 3 GHz

row #12 represents the percentile improvement in inductive

value when compared with the conventional spiral inductor
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552 dainmse 1. A structure of a helix coil inductor that can be created
on a surface of a silicon substrate having a plane, said surface of said
silicon substrate having 5 Cartesian X and Cartesian Y coordinates with
corresponding X and Y axis perpendicularly intercepting, whereby said
poi nt of interception of said X and Y axis is an arbitrary point on a
surface of said substrate henceforth referred to as the substrate point of
Cartesi an intercept said 10 heIix coi | being of uniforn1height conpri si ng:

a nU|t|p||C %M Lf%§¥§ééﬂﬁﬁ g%&?%ﬁt& ﬁ?rove e gggé%%aﬂhels

par al | el a sur sal con

nultlpI|C|t o eveI |nd ct or cated in a . that is
par al | el %% %é#@gq{ane Q?%é%‘ §E§ % SSPﬁve%?}?§§;:§ﬁﬁf rat e whereby

sai d upper legel connectors are separated fromsaid | ower |evel

conduct ors; LV e hultiplicity of vertical interconnects |located in a

pl ane t hat p fendlcular wth a ane of a surface of, 20 said silicon
substrate. EOWTﬁe StTRIGTE 3 ¢h€lQﬁEanﬁhe?ei%P@%E?W%ﬁtsﬁﬂ(9IW%%%F | evel

conductors contai ns: .
5 at 2 GHz when compared with the conventional spiral

inductor
row #15 represents the percentile improvement in Q value
at 3 GHz when compared with the conventional spiral
inductor

10 row #16 represents the reduction in total chip area
required when compared with the conventional spiral

inductor.

It is clear from the above indicated data that the
15 improvements that are obtained by the helix ceoil inductor
of the invention are not only obvious but alsoc very

significant.

Although the invention has been described and
20 illustrated with reference to specific illustrative
embodiments thereof, it is not intended that the invention
be limited to those illustrative embodiments. Those
skilled in the art will recognize that variations and

modifications can be made without departing from the
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53 a wwdth in a plane that is parallel with said plane of said surface of
said silicon substrate henceforth referred to as a | ower |evel conductor
width; a length in a plane that is parallel with said plane of 5 said
surface of said silicon substrate henceforth referred to as a | ower |evel
conductor length; a height in a plane that is perpendicular to said plane
of said surface of said silicon substrate henceforth referred to as a

| ower | evel conductor height 10 vertical sidewalls in a plane that is

perpendi cul g@5; Lo SAl ﬂg Ef@ﬁgrgﬁoégtfkég(igpq:substrate in a

direction of the | engt aid omer Feve conduct or enceforth referred

to as lower;|eyvel. ﬂgg dewal | s: 15 vertlc | sidewalls in
a pl ane that S perpen e %%%%%ggﬁﬁ ?an%u% LA ace%%f sai d

silicon sub e a dlre i th of sai onductor enceforth
referred toaééfﬁﬁﬁ%t éﬁlcongpggowlkgaP Se°S7hfe © WREEEEY %sai d
vertical sidewalls have the _contours of _.a 20 sem - C|rcle an upper surface
in a plane tnat™f & Ibcgreﬁurlé’ia]ﬁntﬁ §%ﬁaeos| ane of said surface of said
silicon substrate henceforth referred to as a | ower |evel conductor upper
surface
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whereby said | ower |evel conductor upper surface contains 54 two

i nterconnect surface areas |ocated at both extremties of length of said
| ower | evel conductor -upper surface such that each of said interconnect
surface areas is bounded on one side by said | ower |evel conductor

wi dt hwi se si dewal | 5 henceforth referred to as | ower |evel conductor

i nterconnect surface areas; a lower surface in a plane that is parallel
with said plane of said surface of said silicon substrate henceforth
referred to as a lower |evel conductaqk lqper surface; and 10 a geonetric
center line that is aline that is |locate in a geonetric m ddl e bet ween

said | engthyw a iL.rection, sai ength e sidewal |l s that
WM Sg ?ﬁf{ﬁy@l esdfn éie ke %E o4 uc uciihntg e

is furthernore ocate sal d T ower eve con upper Ssurface
henceforth rr d 0, as, I evel .conduct eonmetric. 15 center |ine
wher eby end%]glé%f sgf or ait fSa(=§3c‘)erré3tfr| c &gﬁfg}l SO]P?‘\ *3re 15 from sai d

wi dt hwi se S|gemalls |sta ce that equals said radius of said cross
section of Ps3rw \/%arjt%/csé*r CePlofifdbt Sé hﬂﬂ’&t%‘ﬂQSt%% hafi@S%t ruct ure of
claim?2 mhereb each of said interconnect surface areas is a surface area
that is®a GRENEIYIR Xigd CHLFHGTa Y r S8PESIRAF Eh ¥l HAIAHF SEPOFESRSt ri ¢

center mhereby a center of said circle forns
X and Y axis perpendicularly intercepting, whereby said

point of interception of said X and Y axis is an arbitrary
point on a surface of said substrate henceforth referred
to as the substrate point of Cartesian intercept said
10 helix coil being of uniform height, comprising:
a multiplicity of lower level inductors located in a plane
that is parallel with a plane of a surface of said silicon
substrate;
a multiplicity of upper level inductors located in a plane
15 that is parallel with said plane of a surface of said
silicon substrate whereby saia upper level connectors are
separated from said lower level conductors; and
a multiplicity of vertical interconnects located in a
plane that is perpendicular with a plane of a surface of

20 said silicon substrate.

2. The structure of claim 1 wherein each of gaid lower

level conductors contains:
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said geonetric center of said |ower |evel conductor 55 interconnect surface
areas whereby said geonetric center is |ocated on said |ower |evel
conductor geonetric center line at a distance fromsaid w dthw se
sidewal I s of said |ower |evel conductors that is equal to said radius of 5
said circle that forns said interconnect surface areas. 4. The structure of
claim1 wherein each of said upper |evel conductors contains: a width in a
plane that is parallel with said plane of 10 said surface of said silicon
substrate h th, refer I . tor. wdth; a
§B{&§<§8{ fh (LLAUR0 ) 33 BLUDRELY pﬁy@ﬂl SONYALOL. We

| ength in a plane that i's paral sai ane o surface of said

si |1 con subsirate heneefqy U fefanned, Lo 35, a uppel lovsl, conduetgr
| ength; 15 a heig I'n a plane that s perpenﬁlcular 0 sal d plrane of said
surface of ggid sélﬂéxg% tg¥% rate he@ceforég referred to as a upper |evel
conduct or he? ght ;2 verTical® S d&RErPE " OF n"4a%b ane that is perpendicul ar to

said plane of_said surface of said silicon_substrate in a_ 20 direction of
the |ength of 'S&7'd" Jdpet A tOGhdact BATRentef B th FEFb MRS fas upper

| evel conductor |engthwise sidewalls; vertical sidewalls in a plane that
is perpéhdi%%+%fsq ace of gaid silicon substrate henceforth refexrred

to as a lower level conductor length;
a height in a plane that is perpendicular tc said plane of
said surface of said silicon substrate henceforth referred
to as a lower level conductor height;

10 wvertical sidewalls in a plane that is perpendicular to
sald plane of said surface of said silicon substrate in a
direction of the length of said lower level conductor
henceforth referred to as lower level conductor lengthwise
sidewalls;

15 vertical sidewalls in a plane that is perpendicular to
said plane of said surface of said silicon substrate in a
direction of the width of said conductor henceforth
referred to as lower level conductor widthwise sidewalls
whereby said vertical sidewalls have the contours of a

20 gemi-circle;
an upper surface in a plane that is parallel with said
plane of said surface of said silicon substrate henceforth
referred to as a lower level conductor upper surface

whereby said lower level conductor upper surface contains
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said plane of said surface of said silicon substrate in a 56 direction of
the width of said conductor henceforth referred to as upper |evel
conductor wi dthwi se sidewalls whereby said vertical sidewalls have the
contours of a sem-circle; 5 an |lower surface in a plane that is parallel
with said plane of said surface of said silicon substrate henceforth
referred to as a upper |evel conductor |ower surface whereby said upper

| evel conductor |ower surface contains two interconnect surface areas

located at pgih; r@tﬁéf l{d &S %1 EQ oL 5aLd ﬂee‘écec're%% Rquct or

| ower surface suc at eac sal I'nterconnec sur aceé areas I's bounded
on one sid p r. § evel conducto dt hwi se si de hen eforth
referred toga?’/‘apggr1 1c-{cgln duct nge?l[t 8?%0%%%% Kita V@a§§ssuf

upper surfa in a .S _para h said Ian of said surface
of said SI|?§%H sulgtﬁgfguheﬁ@' 5%Pﬁnngf§PF£ﬂc?oa%%a ECEe PP

conduct or ugﬁer rface: ]gpﬂ1 a g%onetrlc center |ine that is a lLine that
is |ocated 5ﬁéﬁ%3 CHEre 8¥F%e89n95?30¥eW@ﬁqﬂW%ﬁ?fﬁ%ﬂ%ﬁ&l95 ina 20

direction of said |l engthwi se sidewal | s that is furthernore |ocated in said
upper | evel PERRHRAG T SutCace (RUREIBYEh FRAMFRY to as upper |evel

conduct or georret ric
interconnect surface areas;

a lower surface in a plane that is parallel with said
plane of said surface of said silicon substrate henceforth
referred to as a lower level conductor lower surface; and
10 a geometric center line that is a line that is located in
a geometric middle between said lengthwise sidewalls in a
direction of said lengthwise gidewalls that is furthermore
located in said lower level conductor upper surface
henceforth referred to as lower level conductor geometric
15 center line whereby endpoints for said geometric center
line are removed from said widthwise sidewalls by a
distance that equals said radius of said crogs section of

sald vertical interconnect conductors.

20 3. The structure of claim 2 whereby each of sgaid
interconnect surface areas is a surface area that is a
geometric circle having a radius further having a
geometric center whereby a center of said circle forms

said geometric center of zaid lower level conductor

55




center |ine whereby endpoints for said geonetric center 1line are renoved
fromsaid wdthwi se sidewalls by a 57 distance that equals said radius of
said cross section of said vertical interconnect conductors. 5. The
structure of claim4 whereby each of said 5 i nterconnect surface areas have
a surface area that is a geonetric circle having a radius further having a
geonetric center whereby a center of said circle forns said geonetric
center of said upper |evel conductor interconnect surface areas whereby

sai d geonet theorehelod Glsed e ahed o0nsald uppes Loyl sondustor. geometric
5 W thm? dewalTs o

center line at a distance from sal se si sal upper

level COﬂdUQEOiécépgé (51’? ﬁ%llOR\%rgﬁlﬁﬁgag%)HéuoéOrS%%g%?(:érrlccl ¢ et h]:aetr forms

said i nterconnect surface areas. ructuare ai'm €rei n each

of said vertical 15 int.erconnects caontai.ns: a hei ght nceforth referred
to as verti %!é 8i A e%c%lnnte%r%ce Height™* na'lg%%wﬁﬁl ﬁgg%‘?z%s%ss soefgt‘ciad‘r('?l havi ng a
geonetric center that.is orned by a l.ine that interconnects two or nore
centers of E?Bef e%ﬁlrﬁﬁ3§9ﬁtQ£ﬁ itr ¢ §AYRL oES S2t{ iRt ertfeforth
referred. to as_vertical interconnect cross section. 7. The structure of

cIain1I5%he?%?ﬂ g%{%ﬂ%mﬁhqg(ﬁﬂqms sald interconnect surface areas.

4. The structure of claim 1 wherein each of said upper
level conductors contains:
a width in a plane that is parallel with said plane of

10 said surface of said gsilicon substrate henceforth referred
to as a upper level conductor width;

a length in a plane that is parallel with said plane of
said surface of said silicon substrate henceforth referred
to as a upper level conductor length;

15 a height in a plane that is perpendicular to said plane of
saild surface of said silicon substrate henceforth referred
to as a upper level conductor height;
vertical sidewalls in a plane that is perpendicular to
sald plane of said surface of said silicon substrate in a

20 direction of the length of said upper level conductor
henceforth referred to as upper level conductor lengthwise
gidewalls;
vertical sidewalls in a plane thaﬁ is perpendicular to

said plane of said surface of said silicon substrate in a
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i nductor is created overlying helix coil Cartesian X and 58 Cartesian Y
coordi nates with corresponding helix coil X axis and Y axis

perpendi cularly intercepting, whereby said point of interception of said
helix coil X and Y axis is an arbitrary point on a surface of said
substrate 5 henceforth referred to as the helix coil point of Cartesian

i ntercept, whereby said helix coil further contains: a length in a plane
that is parallel with said plane of said surface of said silicon substrate

that is nmeaguredeid, JP€ @héﬁd} tH ggigakgnﬁuggg%;ﬁﬁéggfgggﬁﬁ nat e

henceforth referred to as a Ix coil len na plane that is

paral l el w ngéﬂ‘gd ptléina?s gppe%g%%&fc%%gugto aévg%éliwlrisceonsiscyet‘?vﬁlrl%t e that is

measured in a direction S rtesian coordinate henceforth 15

referred to el ix il, wdth;. and height in a plane that is

per pendi cul ggéjf%b\sba%%l%ﬁgenretlo A ssalid%‘@&?fgaggg%f t%%i %O‘grﬁ"f%gor? sibstrate that
.is henceforth .[eferiep to as a helix coil height that henceforth will be
referred t o858 a“heft% coi hei ght. 20 8. The structure of claim1l whereby

sai d suQ;trate oint of Cartesian intercept coincides with said helix coi
an lower surface in a plane that is parallel with said

plane of said surface of said silicon substrate henceforth
referred to as a upper level conductor lower surface
whereby said upper level conductor lower surface contains
two interconnect surface areas located at both extremities

10 of length of said upper level conductor lower surface such
that each of said interconnect surface areas is bounded on
one side by saild upper level conductor widthwise sidewall
henceforth referred to as upper level conductor
interconnect surfaée areas;

15 an upper surface in a plane that iz parallel with said
plane of said surface of said silicon substrate henceforth
referred to as a upper level conductor upper surface; and
a geometric center line that is a line that is located in
a geometric middle between said lengthwise sidewalls in a

20 direction of said lengthwise sidewalls that is furthermore
located in said upper level conductor lower surface
henceforth referred to as upper level conductor geometric
center line whereby endpoints for said geometric center

line are removed from said widthwise sidewalls by a
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poi nt of Cartesian intercept whereby said helix coil point of Cartesian
intercept is selected on said surface of said 59 substrate as a | ocation
where said helix coil inductor is to be created thereby inplying a fixed
orientation of said helix coil Cartesian X axis and Cartesian Y axis. 5 9.
The structure of claim1l wherein said upper |level conductors contain: a
conductor created in equal lengths in a direction of said Y and the Y
axis of said helix coil Cartesian coordinates that is of an upper |evel
conduct or | 8hGERRAD thatt sBalehgerid Fadiael obt Retd coneite tare istontedi ned

w thin said upper |evel conductors henceforth referred to as the nmaximum
| engt h uppefalevetrieorrduciorer camdies tmglonidpketokey of conductors that are
created parallel wth said maxi num | ength upper |evel conductor that are
15 |l ocated on both sides of said maxi num | ength upper |evel conductor
whereby the length of said nmultiplicity of conductors is created in equal

| engt hs in SheThe asdridienrd oflidledin anwhkrebiydehehi of cedid Cartesi an

coordi nates whereby furthernore the length of each of said nultiplicity of
20 conduct ot stencdoiedty dacTRasesc4st havBCreasingcdi stanceatbataveen said

maxi mum | engt h upper | evel conductor and said each of said nultiplicity of
conduct or s. geometric circle having a radius further having a '
geometric center whereby a center of said circle forms
said geometric center of said upper level conductor
interconnect surface areas whereby said geometric center
10 is located on said upper level conductor geometric center
line at a distance from said widthwise sidewalls of said
upper level conductors that is equal to said radius of
said circle that forms said interconnect surface areas.
6. The structure of claim 1 wherein each of said vertical
15 interconnects containg:
a height henceforth referred to as vertical interconnect
height; and
a circular cross section having a geometric center that is
formed by a line that interconnects two or more centers of

20  two or more of said circular cross sections henceforth

referred to as vertical interconnect cross section.

7. The structure of claim 1 wherein said helix coil

inductor is created overlying helix coil Cartesian X and
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60 10. The
i nt er connec
upper | evel

Cartesian 5 coordi nates and at equal

hel i x coi

upper. 11.
contain: a
as maxi num
poi nts of i

said points

i ntercept of

coordi nat es
sur f aces of

structure of claim9 whereby said geonetric centers of said

t surface areas of said |lower surface of said maxi mum | ength

conductor are located on said Y-Y axis of said helix coi
di stances fromsaid i ntersect of
Cartesian coordinates at points + Y nmax. upper and -Y max.

sai d

The structure of claiml1 wherein said | ower |evel 10 i nductors
first and a second | ower | evel conductor henceforth referred to

; | d j i A hs f
bepgl; 10 rc%cﬁf’cﬁnact%% UGt ar ggggérsggg%n,g? ks oin€Rgths from

ntercept o el’r upper “siur

of intercep I"oCa equ

helix. coil_Cartesian

h =X d Y-Y i f, id,
p%%g e%fy ls%t?egr qeéjr%"gj’[%?n')g e S%égsnglfagﬁf Ceht of 2 S&Fupser

said | ower 20 conductors _intercept under an angle with the

Y-Y  direcPPo Bt s BRAN K Foid SEILRES 9h T dF Wat e bher eby

furthernmore said first and second | ower | evel conductor are of a | ower

| evel cohduBEBrefenyt Heehartied £9 gfgéhet hahixarPibtpeint ®fer | evel

conductors

10

15

20

that are contained wthin
Cartesian intercept, whereby said helix coil further

containg:

a length in a plane that is parallel with said plane of
said surface of said silicon substrate that is measured.in
a direction of said X Cartegian coordinate henceforth
referred to as a helix coil length;

a width in a plane that is parallél with said plane of
said surface of said silicon substrate that is measured in
a direction of said Y Cartesian coordinate henceforth
referred to as a helix coil width; and

a height in a plane that is perpendicular to said plane of
said surface of said silicon substrate that is henceforth
referred to as a helix coil height that henceforth will be

referred to as a helix coil height.

8. The structure of claim 1 whereby said substrate point
of Cartesian intercept coincides with said helix coil
point of Cartesian intercept whereby said helix coil point

of Cartesian intercept is selected on said surface of said
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61 said multiplicity of |ower |evel conductors henceforth referred to as
maxi mum | ength | ower | evel conductors whereby furthernore a geonetric
center of said interconnect surface area of said first nmaxinumlength 5

| ower | evel conductor of coincides with said point + Y max. upper whereby
a geonetric center of said interconnect surface areas of said second
maxi mum | ength | ower | evel conductor coincides with said point -Y max.
upper; and a multiplicity of conductors that are created parallel 10 with

sal d maxi mugybengli. | aer 1 eyel; FOUANGLOLS hhal, ak ecol pcaled iy gasential ly

equal nunbers on both sides of sai max1 num I"éngt h™ T ower conductors

extendi ng i ths fr . oi.nt. of -intercept of .said_geongtric
centers of g%?%g%ﬂ%%@%r%fc%gwﬁ%gggﬁngf asgil St over- T&ve*™s cgﬁlggctors
with said X X .axis,of said _helix cail rtesi an coordi hat es whereby
Fur Chor nor e W62 ER 10T Saaih FoPasi A RUFEF BROLRTyE oY wer | evel

el eng
conductors wuniformy decreases with increasing distance between said
maxi mrum | ength | ower | evel conductors and said each of 20 said multiplicity
of conductors. 12. The structure of claim1 wherein said upper |evel

conduct ot s andTR%i THHetrs Sfelcl@dfddebeEchresidi ngePyy 19edns of said

vertical interconnects such that:
conductors contain:

a conductor created in equal lengths in a direction of
said Y and the Y’ axis of said helix coil Cartesian
coordinates thét is of an upper level conductor length

10 that is longer than all other conductors contained within
said upper level conductors henceforth referred to as the
maximum length upper level conductor; and
a multiplicity of conductors that are created parallel
with said maximum length upper level conductor that are

15 located on both gides of said maximum length upper level
conductor whereby the length of said multiplicity of
conductors is created in equal lengths in the Y and the Y’
direction of said helix coil Cartesian coordinates whereby
furthermore the length of each of said multiplicity of

20 conductors uniformly decreases with increasing distance
between said maximum length upper level conductor and said

each of said multiplicity of conductors.
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62 a first and second vertical interconnect is provided to said maxinum
| engt h upper |evel conductor overlying said interconnect surface area of
said | ower surface of said maxi mum|ength upper |evel conductor whereby
said vertical 5 interconnects face towards said upper surface of said

| ower | evel conductor whereby said geonetric centers of said vertical

i nterconnects coincides wwth said geonetric centers of said interconnect
areas of said | ower surface of said maxi mnum | ength upper |evel conductor;

and 10 a geguelihe LML Al il o GaRReEt sWkagg.aneas, of | said first

and second maxi mum |l ength | ower lTevel = con Is"aligned with and

connect ed 1 g.gaifl 1 i, And  sceondver Ll Lt eroonnect prayided to said
maxi nrum | engt h 'upper T'evel "conductor. 75513 e"%T rUctUre of "erai m 1

wher eby saigu Eéggtégeagf%_ enbeddeq intg di el ec ricland ur.t her nore covered
by a |ayer-of passivation 20" “PRECEt FEREHr %% FHMT K £ he
addi ti on of_one %% nore | ayers of ferromagnetic material overlying said

lover | evel ®SFCEdriFucitrs ver 2XifePdhfat Rabebs¥ ettt al f3rtERiars t he

hei ght of said yertical interconnects. 63
5 coordinates and at equal distances from said intersect of

said helix coil Cartesian coordinates at points + Y max.

upper and -Y max. upper.

11. The structure of claim 1 wherein said lower level

10 inductors contain:
a first and a second lower level conductor henceforth
referred to as maximum length lower level conductors
extending in equal lengths from points of intercept of
their upper surface geometric lengthwise center with said

15 X-X' axis of said helix c¢oil Cartesian coordinates whereby
said points of intercept are located equidistant from the
point of intercept of the X-X' and Y-Y' axis of said helix
coil Cartesian coordinates whereby said lengthwise
geometric centers of said upper surfaces of said lower

20 conductors intercept under an angle with the ¥-Y~’
direction of said helix coil Cartesian coordinates whereby
furthermore said first and second lower level conductor
are of a lower level conductor lengths that is longer than

all other lower level conductors that are contained within
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15. The structure of claim1 whereby said maxi num |l ength upper |evel
conductor and said maxi mnumlength [ ower |evel conductor is not restricted
to one upper |evel conductor and two |ower |evel conductors but is
extended to a 5 nmultiplicity of upper level and |ower |evel conductors
with the centrally | ocated conductor of said multiplicity of conductors
assum ng the structural function that is equivalent to the structural

function of i,d_single. Xi | en é% upper l.evel conductor and said two
maxi mum 10 PaRgt ROt Gk TGl S o dFY e L 6OnSHEC ST RERA BTl ai m 1
wherein said %engtaaof said yvertical interconpnects is not constant but is
decreased fFORTBERRXS ritiin WEFIETG 1 SBQER LRHETi hEYEMefPRfUSt¥ss to a 15
m ni mum val ue wherepy sai d maxi mum value is used as vertical interconnect
to said maxPREREPEnGERRPPEITS & feonedFdGc C6RtREePEbSaiGtarting with the
hei ght of said maximum hei ght vertical interconnect, the height for each
adj acent vetBFeBEFORRRRY ¢ ey pretrildaliyst edasinue Olegtgdi proceedi ng
in said X-X direction of said helix coil Cartesian coordinates whereby
sai d Y axi slevesal eveiel ¢ondudidr G icedinandesowdthasasd fovite: ar Gent er of
symmetry of said reduction whereby the vertical interconnect that is
| ocat ed furtnaer vepewedidrahym saighdneltiri ccoehtpoi 0f odiddinterconnect

surface areas of said second maximum length lower level

conductor coincides with said point -Y max. upper; and

a multiplicity of conductors that are created parallel

10 with said maximum length lower level conductors that are

located in essentially equal numbers on both sides of said

maximum length lower level conductors extending in equal

lengths from a point of intercept of said geometric

centers of said lower surfaces of each of said lower level

15 conductors with said X-X’ axis of said helix coil

Cartesian coordinates whereby furthermore the length of

each of said multiplicity of lower level conductors

uniformly decreases with increasing distance between said

maximum length lower level conductors and said each of

20 saild multiplicity of conductors.

12. The structure of claim 1 wherein said upper level
conductors and said lower level conductors are joined by

means of said vertical interconnects such that:
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Cartesian intercept has a | ower value than its adjacent vertical
interconnect that is located closer to said helix coil point of Cartesian
intercept. 5 17. The structure of claim 16 with the addition of one or
nore | ayers of ferromagnetic material overlying said |ower |evel of
conductors over a height that essentially equals the maxi num hei ght of
said vertical interconnects. 10 18. The structure of claim 1 whereby input
and output connections are provided to said structure by providing

i nterconnects.to tmn‘yéﬁﬁ? | evel oqr | ower |evel conductors _ of said

structure tRaf'%fe Ut PESVIEAGRR WRERTCRRREREY etf (RFAidsst ker upper

| evel or lower _level 15 conductors of said helix coil. 19. A structure of
an i nduct or SEHAtIREHWR ISnaife #PPRTa L e¥ Gl f GRROBFERY FYGHAH ISUBSifat e havi ng
a surface conPr|S|ng a helix shaped coil containing | ower |evel conductors
in a 20 pl aheé %F\%‘?mi%crpasr%ﬂaé%e wreR afprand bfveni tisiadacE skidsaid
substrate further conprising upper |evel conductors 1in a plane that is
paral | el wi B&XHWN gyrNBTh swpg s defvade copflusapd wubstinatss fdunmeren cednpr i si ng
interconnects having a height in a plane that is perpendicular to a plane
of 65 sd d sutércendctsaiihculisweaatie whédebypsai st fder cohredids connect
said | ower |evel conductors to said upper |evel

lower level conductor whereby said geometric centers of

said vertical interconnects coincides with said geometric

centers of said interconnect areas of said lower surface

of said maximum length upper level conductor; and

10 a geometric center of said interconnect surface areas of

said first and second maximum length lower level

conductors is aligned with and connected to said first and

second vertical interconnect provided to said maximum

length upper level conductor.

15
13. The structure of claim 1 whereby said structure is

embedded in a dielectric and furthermore covered by a

layer of passivation.

20 14, The structure of claim 1 with the addition of one or
more layers of ferromagnetic material overlying said lower
level of conductors over a height that essentially equals

the height of said vertical interconnects.
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conductors thereby | eaving a space between said upper and |ower |evel
conductors whereby a conbined structure of 5 |ower |evel conductors, upper

| evel conductors and interconnects has a formof a helix having an axis, a
|l ength, a width that varies in the direction of said axis froma nmaxi num
width at a center of said axis to smaller values of w dth when proceeding
-fromsaid center of said 10 axis in either direction of said center and a
hei ghts whereby said axis is in a plane that is parallel with said plane

of said surfac f said . substrate. .20, The siructure of, cl aiim 19, whereby
sai d height{%fegg? Si Tt 9§ﬁﬁ§@f§lﬁsw ShsPanta* JTaxﬁWEmbgﬁﬁ@%Bre of

nterc
claim 20 whereb ai d spacj ng between .said upper_and | ower |evel

conduct or s %%?%i Ji%vegl ‘%rg“é%% &n 532% m?ﬁérﬁ‘é'{lr]u%‘?giﬁlb WEH jieﬁﬁeéo wher eby
sai d spacing Q%émeen . said upper and | ower |evel conductors contains a

f er r omagnet FEHATETT S BE ISSETHETSEr GOt BRE BPPRT al §S0 Sl Prsai d

hei ght of said interconnects is variable whereby a naxi nrum val ue of

hei ght coi nPHes i 1V MetiatuRoRCHChoss BEF difetkterndsd tof fom where said

hei ght decreases unifornmy and
5 multiplicity of upper level and lower level conductors

with the centrally located conductor of said multiplicity
of conductors assuming the structural function that is
equivalent to the structural function of said single
maximum length upper level conductor and said two maximum

10 length lower level conductors.

16. The structure of claim 1 wherein szaid length of said
vertical interconnects is not constant but is decreased
from a maximum value in equal and incremental steps to a
15 minimum value whereby said maximum value ig used as
vertical interconnect to said maximum length upper level
conductor whereby, starting with the height of said
maximum height vertical interconnect, the height for each
adjacent vertical interconnect is symmetrically reduced
20 when proceeding in said X-X' direction of said helix coil
Cartesian coordinates whéreby said Y axis of said helix
colil Cartesian coordinates forms a center of symmetry of
said reduction whereby the vertical interconnect that is

located further removed from said helix coil point of
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5 symmetrically when proceeding in said X-X direction of said helix coi
Cartesian coordi nates whereby said Y axis of said helix coil Cartesian
coordinates forms a center of symetry of said reduction. 10 24. The
structure of claim 23 whereby said spaci ng between said upper and | ower

| evel conductors contains a dielectric. 25. The structure of claim 23
wher eby sai d spaci ng between 15 said upper and | ower | evel conductors
contains a ferromagnetic material. 26. A nmethod for creating a helix coi
i nduct or ha¥in§ a, body that is contained wthin outer boundaries of said

at c’r%tfﬁré%?

20 body t hat®Tan H& Bn "3 Ss @r RUET oV 28U PRt ASSECERE having a
pl ane, said surface of said silicon substrate_having Cartesian X and
Cartesi an YVSEObT# ndtter cqineste bhpés pendrAgt s antPSeaxis SiepbRdi&ul arly
intercepting, whereby said point of interception of said X 67 and Y axis is
an arbi trary°pbiPR1Mn *f {AFEedapf ighrgceBtbstrate henceforth referred to
as the substrate point of Cartesian intercept said helix coil having an
axis having a direction whereby said direction of said axis is 5 parallel
with said surface of said substrate, conprising: creating a nultiplicity
of N1 [Sowetr7}| elted stmludtoress of claim 16 with the addition of one or

more layers of ferromagnetic material overlying said lower

level of conductors over a height that essentially equals

the maximum height of said vertical interconnects.

10 18. The structure of claim 1 whereby input and output
connections are provided to said structure by providing
interconnects to two upper level or lower level conductors
of said structure that are of shoftest length when
compared to all other upper level or lower level

15 conductors of said helix coil.

19. A structure of an inductor that can be created on a
surface of a silicon substrate having a surface comprising
a helix shaped coil containing lower level conductors in a
20 plane that is parallel with a plane of said surface of
said substrate further comprising upper level conductors
in a plane that is parallel with a plane of said surface
of said substrate further comprising interconnects having

a height in a plane that is perpendicular to a plane of
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| ocated in a plane that is parallel with a plane of a surface of said
silicon substrate; and creating a nmultiplicity of 2N vertical interconnects
10 having a circular cross section having a radius located in a plane that
is perpendicular with said plane of said surface of said silicon substrate
whil e sinmultaneously <creating a multiplicity of N upper |evel inductors
| ocated in a plane that is parallel with said plane of said 15 surface of
said silicon substrate whereby said upper |evel connectors are separated
fromsaid | ower |evel conductars b% a disﬁangg. 27%1Th$_nethodcgf claim 26
wher ei n sai ¢t 635 5% %20 SRdrt PEPPEFEYC of PRETOY Gt 1*85& CBRGGE  or s
conprises the steps of: depositing a first |ayer of_dielectric_over said
surface — of C¥MF s st AWeLail§Veilr SPRARGEPT Bf Qi AL BAPEThATIRd a
t hi ckness; 68 depositing a_second |ayer of intra-netal dielectric over
said first FRYBICHITYitdiaE@y d 233 BIsBCBRYCE RV |FRida MPRETaP i el ectri c
havi ng a surface; patterning and etching said second | ayer of intra-netal 5
di el ectric idegeblevgleadndyctoasc BSTEBY safanpined pitimiabpreoPt] oner | evel
conduct or s;

5 lower level conductors, upper level conducters and

interconnects has a form of a helix having an axis, a
length, a width that varies in the direction of said axis
from a maximum width at a center of said axis to smaller
values of width when proceeding from said center of said
10 axis in either direction of said center and a heights
whereby gaid axis is in a plane that is parallel with said

plane of said surface of said substrate.

20. The structure of claim 19 whereby said height of said

15 interconnects is constant.

21. The structure of c¢laim 20 whereby said spacing between
gaid upper and lower level conductors contains a
dielectric.

20
22. The structure of claim 20 whereby said spacing between
said upper and lower level conductors contains a

ferromagnetic material.
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filling said trenches for said nmultiplicity of Iower |level conductors with
a first level of netal; and planarizing said first |level of netal down to
the surface 10 of said second layer of intra-netal dielectric thereby
creating said nultiplicity of |ower |evel conductors. 28. The method of
claim 26 wherein each of said |lower |evel conductors contains: 15 a width
in a plane that is parallel with said plane of said surface of said
silicon substrate henceforth referred to as a | ower |evel conductor w dth;

a length inyg ptages{ e Q‘.@f%{jllaﬁe \_AL'i9t Ql&g?‘égypgggg l%jr%weio Sslérifdace of

said silicon substrate hencefort erre to as a r1evel

conduct or Iggggpéo chﬂéghits i&ﬁa%llan% %ﬁgraéyi s groltpa{l]rﬁi_%% lgerr rc;[efg sai d pl ane

of said surface of said silicon subs hénc to as a

| ower | evel _conductor height;. 69 verti.cal sidewalls inp | ane that is
perpendicullal.(rg:L %&I%%ﬁ%Fhe%héhb §bF@X§WF@agégB? 5 iﬂaﬁﬁﬁ? §ﬁﬁgtrate ina
direction o% t he ﬂquth g% said | ower |evel conductor henceforth referred
to as | ower Fe0efeondifttdms MRCLE2S55s HREAFTSY aR@rtical sidewal Is in
a plane that is perpendicular to said plane of said surface of said
Si|icon!§ub§¥mgf%r}qp%}y when proceeding in said X-X’' direction of

said helix coil Cartesian coordinates whereby said Y axis
of said helix coil Cartesian coordinates forms a center of

symmetry of said reduction.

10 24. The structure of claim 23 whereby said spacing between
sald upper and lower level conductors contains a

dielectric.

25. The structure of claim 23 whereby said spacing between
15 said upper and lower level conductors contains a

ferromagnetic material.

26. A method for creating a helix coil inductor having a
body that is contained within outer boundaries of said

20 body that can be created on a surface of a silicon
gubstrate having a plane, said surface of said silicon
substrate having Cartesian X and Cartesian Y. cocordinates
with corresponding X and Y axis perpendicularly

intercepting, whereby said point of interception of said X
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direction of the width of said conductor henceforth referred to as |ower

| evel conductor wi dthw se sidewalls 10 whereby said vertical sidewalls
have the contours of a sem -cylinder; an upper surface in a plane that is
parallel with said plane of said surface of said silicon substrate
henceforth referred to as a | ower |evel conductor upper surface 15 whereby
said | ower | evel conductor upper surface contains two interconnect surface
areas |ocated at both extrenities of length of said | ower |evel conductor

upper surfagﬁgschXléhfg 5@. 5¥tf%%ﬁg3595 rconnect q%%%%w&?1%?s i s bounded

on one side said | oner Ctor Whdfht

henceforth %8%5% tg gge r vel conductor |nterconnect surface ar eas;
a | ower surface-Tn ane th ﬁe SFEFRI P8I ARi Fhe SR R PP s 8
surface of snllcon substrate h eforth. referred to as _a |ower |evel
conduct or Igﬁé e%h??ab% SHPT FE Y gﬁﬁéﬁTF81&eHF§+n$l%Ee%*kﬁ hagigd i ne t hat
is located in_. geonetrlc m ddl e betmeen said | engthwi se sidewalls in a
direction of Qéfﬁ F Ryt PR P i SPdWaldiE echarni of f e ihiedFeT 65 | ocated in said
| ower | evel conductor upper surface 5 henceforth referred to as | ower |evel
conduct ot gedhetift wiehtid st haser eby sehdpeihebrdior, seiubnjesmst:ri c

center
creating a multiplicity of N-1 lower level inductors

located in a plane that is parallel with a plane of a
surface of said silicon substrate; and
creating a multiplicity of 2N vertical interconnects

10 having a circular cross section having a radius located in
a plane that is perpendicular with said plane of said
surface of said silicon substrate while simultaneously
creating a multiplicity of N upper level inductors located
in a plane that is parallel with said plane of said

15 surface of said silicon substrate whereby said upper level
connectors are separated from said lower level conductors

by a distance.

27. The method of claim 26 wherein said creating a

20 multiplicity of N-1 lower level conductors comprises the
steps of:
depositing a first layer of dielectric over said surface
of said substrate said first layer of dielectric having a

thickness;
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line are renoved fromsaid wi dthwi se sidewalls by a distance that equals
said radius of said cross section of said vertical interconnect

conductors. 10 29. The nethod of claim 28 whereby said | ower |evel

conductor upper surface contains two interconnect surface areas that have
a surface area that is a geonetric circle having a radius further having a
geonetric center whereby is a center of said geonetric circle forns said
geonetric center of said |lower |evel conductor interconnect surface area

wher eby sai do 0SB & Gallg s acaled,on and: a5 o £LAgl sai d

| ower | evel conductor geonetrlc enter Tine nce]Tronrsald

w dt hwi se s fy Ievel c nducto that is.equal to said
radi us of %glﬁa% ré? oF&? §§F er%onn%c? sﬁﬁ’ cfg§l§3Fﬁéce
areas. 71 3 rn%éhc¥ofkflaln126 thFEIn creating a multiplicity of 2N
vertical in erconne ocat€d 'Y & fHah8“Fhat is perpendicular with a

pl ane of a surface of sajd silicon substrate_ while S|nultaneously creating
a multiplicPey %lfmsngf\l ?ﬂﬁgp&tqhé\?gl SeAduEEEPEd| brvtedPt b sR-AIsdathat s
paral l el_w h said plane of a surface of said silicon substrate whereby
sai d upper Lo ddighebygceeating trenches for said multiplicity

of lower level conductors;

filling said trenches for said multiplicity of lower level

conductors with a first level of metal; and

planarizing said first level of metal down to the surface
10 of said second layer of intra-metzl dielectric thereby

creating said multiplicity of lower level conductors.

28. The method of claim 26 wherein each of said lower
level conductorg contains:

15 a width in a plane that is parallel with said plane of
said surface of said silicon substrate henceforth referred
to as a lower level conductor width;

a length in a plane that is parallel with said plane of
said surface of said silicon substrate henceforth referred

20 to as a lower level conductor length;

a height in a plane that is perpendicular to said plane of
said surface of said silicon substrate henceforth referred

to as a lower level conductor height;
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separated fromsaid | ower |evel conductors by a distance conprises the
steps of: 10 depositing a third layer of intra-netal dielectric having a
surface containing one or nore layers of intra-level dielectric over said
second |l ayer of intra-level dielectric thereby including the surface of
said nultiplicity of |lower |evel conductors; 15 patterning and etching
third layer of intra-nmetal dielectric thereby creating dual damascene
structures whereby vias of said dual damascene structure formsaid

vertical interconnect; sonAUd ts of BALAEl LAD WL SRl d Ayl hgvel

conductor interconnect surface are mascene trenches form

sa1 0 upper Leyel o oonduel oL enoslt 9o g secondLaver of retal, quer said

third | ayer evel  dielectric ereby " Tneruding sald vias created

insaidthigd layer of_intra-netal dielectric; d 7 | apari zi ng said
second | ayegl%?gyrrle rlaIOfdot\r/}\}ne ﬁfr‘tgﬁfgl ?%r Fﬁ&é é?wgﬁfﬂe‘fﬂzr‘goq &P %of
intra-netalhdielfctric. 1. The nmethod of c¢laim 30 wherein each of said
vertical SPTRCRITCOHhEGETESN &onds AOHEF ghEVRENCRGITEPY FBHEH 66 as
vertical_interconnect height; a top surface that is in a plane that is
par al | el® wi ghdewalls;

vertical sidewalls in a plane that is perpendicular to
sald plane of said surface of said silicon substrate in a
direction of the width of said conductor henceforth
referred.to as lower level conductor widthwise sidewalls
10 whereby said vertical sidewalls have the contours of a
gsemi-cylinder;
an upper surface in a plane that is parallel with =aid
plane of said surface of said silicon substrate henceforth
referred to as a lower level conductor upper surface
15 whereby said lower level conductor upper surface contains
two interconnect surface areas located at both extremities
of length of said lower level conductor upper surface such
that each of said interconnect surface areas is bounded on
one side by said lower level conductor widthwise sidewall
20  henceforth referred to as lower level conductor
interconnect surface areas;
a lower surface in a plane that is parallel with said
plane of said gurface of said silicon substrate henceforth

referred to as a lower level conductor lower surface; and
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said plane of said substrate and renoved fromsaid 10 substrate by a

di stance that equals said height of said vertical interconnect; and a
circular cross section having a geonetric center that is formed by a line
that interconnects two or nore centers of two or nore of said circular
cross sections henceforth 15 referred to as vertical interconnect cross
section. .32. The nethod of claim 30 wherein each of said upper |evel
conductors contains: a width in a plane that is parallel with said plane of

20 said surfageofdc sl cte%idércqan%u*e%&aag hepesl szﬂeh; r&d %rc%@edt 9nas a
upper |evel conductor width; a length in a plane that is parallel with said

plane of | saidestiface plafdl detblleon subsLrata Nenoelanifl Letersed to as

a upper |evel conductor engt ane t

per pendi cul ar..§ erre%&doﬂo's%q%a ng%%'g urfagw na @h%%l_u{q't 9 g%%&rate

henceforth conauct of vertica
sidewal | s |f ggéne that endgcg ar, tg 5 &ald plag%KPf sai d surface
of said silt20h <hbst rsts if | &ct FBRBF -t he ¥R HgtH 9 Sai d upper | evel
conduct enceforth referred to as_u | evel conductor | engthw se
si deval 1% hencegorth regerred to as loggr level conductor geome %ric

center line whereby endpoints for said geometric center

line are removed from said widthwise sidewalls by a

distance that equals said radius of said cross section of

said vertical interconnect conductors.

10

29. The method of claim 28 whereby said lower level
conductor upper surface contains two interconnect surface
areas that have a surface area that is a gecmetric circle
having a radius further having a geometric center whereby
15 a center of saild geometric circle forms said geometric
center of said lower level conductor interconnect surface
area whereby said geocmetric center is located on and as
end-points of said lower level conductor geometric center
line at a distance from said widthwise sidewalls of said
20 lower level conductors that is equal to said radius of
said circle that forms said interconnect conductor surface

areasgs,
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vertical sidewalls in a plane that is perpendicular to 10 said pl ane of
said surface of said silicon substrate in a direction of the wwdth of said
conductor henceforth referred to as upper |evel conductor w dthw se
sidewal | s whereby said vertical sidewalls have the contours of a
sem-circle; 15 a lower surface in a plane that is parallel with said

pl ane of said surface of said silicon substrate henceforth referred to as
an upper |evel conductor |ower surface whereby said upper |evel conductor

| over surfagg, copd ahdishod W Iatagmrp%n%teréey ace @{ﬁ@sa :ngf:lactl%q ;L goth

extremties 20 of length of sal upper l eve con uctor | ower “sur e such

t hat h de b
ard upper Tovel Lonductor iR S e ABRAT P Kt ot oFt Hetorfed To as

I I t L f 74 f
oiane that PEparal Tor el B s RE R = BhFR%e 1 D SRR oo

C
pl ane that Ts ‘para hicare 8 i“@"si i con

substrate he ceforth ferred.to as a.up evel duct.or .upper. surface;
and a geone??lc %%%t%& ?rﬁ&qﬁﬁﬁéﬁe?uilVlEﬁe?EéFgl§ W{hﬁﬁﬁﬁfq yp

geonetrlc ddl e betwe d.leng éhmnse sidewalls in a dlrectlon of said
I engt hwise Si d&aat| eY FHEhePrBFed LBcatRtA s Htd ifpper | eve

conductor | ower surfape )
parallel with said plane of a surface of said silicon

substrate whereby said upper level connectors are
separated from said lower level conductors by a distance
comprises the steps of:

10 depositing a third layer of intra-metal dielectric having
a surface containing one or more layers of intra-level
dielectric over said second layer of intra-level
dielectric thereby including the surface of said
multiplicity of lower level conductors;

15 patterning and etching third layer of intra-metal
dielectric thereby creating dual damascene structures
whereby vias of said dual damascene structure form said
vertical interconnect conductors that align with said
lower level conductor interconnect surface areas while

20 dual damascene trenches form said upper level conductors;
depositing a second layer of metal over said third layer
of intra-level dielectric thereby including said vias

created in said third layer of intra-metal dielectric; and
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henceforth referred to as upper |evel conductor geonetric center |ine
wher eby endpoints for said geonetric center 10 line are renoved fromsaid
wi dt hwi se sidewalls by a distance that equals said radius of said cross
section of said vertical interconnect conductors. 33. The nethod of claim
32 whereby said upper |evel 15 conductor interconnect surface areas have a
surface area that is a geonetric circle having a radius further having a
geonetric center whereby a center of said circle forns said geonetric

center of spighippeind exsly ceRduet 95 Lot BECADPSCtaSH face il e Maereby said

geonetric center is O located on and as end-points to said upper |evel
conduct or @%ﬂ&'@hﬁf‘d‘ﬁ%{yéf WG t%a%é&%?c&éié’é% ad d "“ dt hw se
sidewal I s of said upper |evel conductors t IS sai d radi us of
said circle that forns said interconnect surface areas 75 | 34. The

met hod of claim 26 wherein said helix coil inductor is created overlying
hel i x coil rt an and rt.esi,an_Y coordi nates_w t corresp ndi ng
hel i x coiI %35 g@%é“%ﬁ] C&%anl@rsgnHPSEFaPl?ag%t%ﬁ(ﬁﬁﬂq ﬁeby sai d
poi nt |nterce tion of said.helix coil X and Y axis is an arbltrary

poi nt on a SUrF I ehi PE TS rat e

a height henceforth referred to as vertical interconnect
height;
a top surface that is in a plane that is parallel with
said plane of said substrate and removed from said

10 substrate by a distance that equals said height of said
vertical intexconnect; and
a circular cross section having a geometric center that is
formed by a line that interconnects two or more centers of
two or more of said circular cross sections henceforth

15 referred to ag vertical interconnect cross section.

32. The method of c¢laim 30 wherein each of said upper
level conductors contains:
a width in a plane that is parallel with said plane of

20 said surface of said silicon substrate henceforth referred
to as a upper level conductor width;
a length in a plane that is parallel with said plane of
said surface of said silicon substrate henceforth referred

to as a upper level conductor length;
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henceforth referred to as the helix coil point of Cartesian intercept,
whereby said helix coil further 10 contains: a length in a plane that is
parallel with said plane of said surface of said silicon substrate that is
measured in a direction of said X Cartesian coordi nate henceforth

referred to as a helix coil length; 15 a width in a plane that is parallel
with said plane of said surface of said silicon substrate that is neasured
in a directipp. sald_Y t esian .coordi nate henceforth, referred to as a
hel i x coil \%mgtghfgﬂ%n%&aa h%%k? ecﬁjr?%a Bl é’ﬁgpteﬁgf‘chaﬁe?%e%ﬁ%Lﬁ % &tsai d

pl ane of 29a§$i d.sprface of said.silicon substrate henceforth referred to
as a helix coiT hefghts 35.° Hetiod SHPELLPRE 2B IRt oy AT §hst rat e
poi nt of Cﬁrtesi an i nterceth coincides with said helix coil point 76 of
Cartesi an i nCefEept ST eby” Sai PIRISEP cHREIBBI nt of Cartesian intercept
is selected on said surface of said_substrate as a |ocation where said
helix coil VHRHGEEDE $EIeYR st it eatd@nenskaby LEnpeyperdcylaedori ent at i on
of said 5 helix coil Cartesian X axis and Cartesian Y axis. 36. The nethod
of clai M 265AReret#eLH SN dippeifacevelf sedddatlveen comstimate in a

direction of the length of said upper level conductor
henceforth referred tc as upper level conductor lengthwise
sidewalls;

vertical sidewalls in a plane that is perpendicular to

10 said plane of said surface of said silicon substrate in a
direction of the width of said conductor henceforth
referred to as upper level conductor widthwise sidewalls
whereby said vertical sidewalls have the contours of a
semi-circle;

15 a lower surface in a plane that is parallel with said
plane of said surface of said silicon substrate henceforth
referred to as an upper level conductor lower surface
whereby said upper level conductor lower surface contains
two interconnect surface areas located at both extremities

20  of length of said upper level conductor lower surface such
that each of said interconnect surface areas is bounded on
one gide by said upper level conductor widthwise sidewall
henceforth referred to as upper level conductor

interconnect surface areas;
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a conductor created in equal lengths in a direction of 10 said Y and said
Y' axis of said helix coil Cartesian coordinates that is of an upper |evel
conductor length that is longer than all other conductors contained wthin
sai d upper |evel conductors henceforth referred to as a maximumlength
upper level conductor; and 15 a nmultiplicity of 2N-1 conductors that are
created parallel with said nmaxi mum | ength upper |evel conductor that are
| ocated in equal numbers on both sides of said naximumlength upper |evel

conduct o whar ebet Nt @G :0fa piand RUELT BLT Shtx1 ol GoNGHELALs [s created

in equal 20 lengths in the Y andthe Y direction of sal el 1'X coi

Cartesian CB@&HE”@Ee§aﬂ@%&f¥ﬁéégJ%kh%%q§r%i&@gohegg%%kfgteeﬁgﬁké¥é¥%%id
y i

mul tiplicity of conductors uniform ecreases w i ncr easi ng St ance

mal £ pli o1ty oT EoRdtat st & P s KGR et arh e Niarety 85T
geonetric cen s .5 of said interconnect surface areas of said | ower
surface of %a%%élﬁ%%%n? %riedi i}lﬁjﬁpg—'?lalte\}él ScOnDBCER?E aFt 4%eHSEd 1N sai d
Y-Y axu§ of said heli§§§§%! gfrtesian goordi nates and_at equal distances
from said i it erYEL ot hGHeSCorR18al PRSP AR SR o LG IS dE* Boint + Y

max. upper for a |, , . ,
direction of said lengthwise sidewalls that is furthermore

located in said upper level conductor lower surface
henceforth referred to as upper level conductor geometric
center line whereby endpoints for said gecmetric center
10 line are removed from said widthwise sidewalls by a
distance that equals said radius of said cross section of

sald vertical interconnect conductors.

33. The method of claim 32 whereby said upper level

15 conductor interconnect surface areas have a surface area
that is a geometric circle having a radius further having
a geometric center whereby a center of said circle forms
said geometric center of said upper level conductor
interconnect surface area whereby said geometric center is

20 located on and as end-points to said upper level conductor
geometric center line at a distance from said widthwise
sidewalls of said upper level conductors that is equal to
said radius of said circle that forms said interconnect

surface areas.
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10 first geonetric and -Y max. upper for a second geonetric center. 38.
The nethod of claim26 wherein said N1 | ower |level inductors contain: 15
a first and a second | ower |evel conductor extending from points of
intercept of their upper surface geonetric |engthw se center with said
X-X axis of said helix coil Cartesian coordinates whereby said points of
intercept are |ocated equidistant fromthe point of intercept of the X 20
X and Y-Y' axis of said helix coil Cartesian coordi nates whereby said

| engt hwi se geonetric centers of sai d upper surfaces of said | ower

conductors te wi.th the Y- rection of said helix
coi | Cartes?gn &ggg%%#ﬁgi g%;”%JFFﬁgﬁﬁanlgapaif¥r%?lgnd second 78

| ower | evel .cqonductor are of | evel conductor Ilengths that is

| onger than aﬁPc ?ﬁe%sl%ﬂ%?‘t?%\%"f \A%é’dﬁ]@ué‘te&ﬂ§ fRAt arBtevRBmIFiEdd t hin

said nultiplic Y; 9 | ower | evel caonductors henceforth referred to as
mexi mum 5 | ﬁ‘ékﬁ ’r%ﬂe‘? RIS R RIL GG CREELEBYRELRE hBe bt ec@l X i% st
geonetric center of said interconnect surface area of said first maxi mum
length |DwePXLBvRRd chtfiict dreranbicdariivt Antsarappbnat whetretax saigper

thereby |eaving a second geonetric center of said interconnect surface area
of said point of interception of said helix coil X and Y axis is

an arbitrary point on a surface of said gubstrate
henceforth referred to as the helix coil peoint of
Cartesian intercept, whereby said helix coil further

i0 contains:
a length in a plane that is parallel with said plane of
said surface of said gilicon substrate that is measured in
a direction of said X Cartesian coordinate henceforth
referred to as a helix coil length;

15 a width in a plane that is parallel with said plane of
said surface of said silicon substrate that is measured in
a direction of said Y Cartesian coordinate henceforth
referred to as a helix coil width; and
a height in a plane that is perpendicular to said plane of

20 said surface of said silicon substrate henceforth referred

to as a helix coil height.

35. The method of claim 26 whereby said substrate point of

Cartesian intercept coincides with said helix coil point
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10 first maxi mum |l ength | ower |evel conductor available whereby a first
geonetric center of said interconnect- surface areas of said second nmaxi nmum
| ength | ower |evel conductor coincides with said point -Y nax. upper
thereby |eaving a second geonetric center of said interconnect 15 surface
areas of said second maxi numlength | ower | evel conductor available; and a
multiplicity of 2N-3 conductors that are | ocated in equal nunbers on both

si des of saj i e h.lower . | eyel conductors extendjng froma point
of inter cep%go?ggég%g%% %géoerrlé?ergf c ngeerﬁeé?/s S&nggfeailicoﬁ%?{ I%?Fé}tgc%{]duct ors
with said é—Xéea§is of, said helix coil rtesi an coordi nates whereby
furt her nor e "The T engt 1 €ath of SSiSFEeurh Rigi FYFB2CE dwersaichel
conductors unjformn decrgﬁses,79 W th increasing distance with said

maxi mum | engt’ SFB@\E‘% Vel LG R s re3gaithBeipkheel bf irndugiAr 6 swher ei n
sai d upper |evel 5 conductors and said |ower |evel conductors are joined by
means of sald Perereated Misndhihderd végen at hakedaorientatinh sscard dverti cal

interconnect is provided to said nmaxi mum|ength upper |evel conductor
overlyi my sBEYIXfFest Gantetidoh& gecwerinidc CesheeianfY sk i nt er connect 10
surface areas of said | ower surface of said maxi num | ength

36. The method of claim 26 wherein said 2N upper level
conductors contain:
a conductor created in egual lengths in a direction of

10 said Y and said Y’ axis of said helix coil Cartesian
coordinates that is of an upper level conductor length
that is longer than all other conductors contained within
said upper level conductors henceforth referred to as a
maximum length upper level conductor; and

15 a multiplicity of 2N-1 conductors that are created
parallel with said maximum length upper level conductor
that are located in equal numbers on both sides of said
maximum length upper level conductor whereby the length of
sald multiplicity of conductors is created in equal

20 lengths in the Y and the Y’ direction of said helix coil
Cartesian coordinates whereby furthermore the length of
each of said multiplicity of conductors uniformly

decreases with increasing distance between said maximum
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upper level conductor whereby said vertical interconnects face towards
sai d upper surface of said |l ower |evel conductor whereby said geonetric
center of said first wvertical interconnect coincides with said first
geonetric 15 center of said interconnect surface area of said first
maxi mum | ength | ower | evel conductor whereby said geonetric center of said
second vertical interconnect coincides with said first geonetric center of

said inter t rea. o ai.d _second, maxi num | engt h .20 | ower

| evel conduggg gﬁh%é%%éaﬁgggiﬁ%”5£§%€%h§D§ESﬁEPr?£ 53¢ t@§¥%ﬁp%ﬁﬁ%ﬁy

i nterconnecf sgéﬁgﬁgt%geas avail able on each of said first and second
naxlnun1|enth ovier “Tevel conductors: 80 i nterconnecting in descending
order of upper level and |ower |evel conductor length and starting with
connecting an upper |evel conductor to said avail able second geonetric
center of said interconnect surface areas on 5 each of said first and

second maxi Atm TRAFIFEISRART |GAEM 360 ligEeby sSeher 8bymetenld merdeds abl e a
geonetric center of said interconnect surface of said | ower |evel

conduct ot s °5afdl{ nigrepiBadthFuafiags agesaecfeonid rleveremertasfe sai d

i nterconnect surface of said |ower |evel conductors with 10 one geonetric
center of s@fds@id enaoinectlengtfhacepefr 3avdl conductor are located

on said Y-¥’ axis of said helix coil Cartesian coordinates

and at equal distanées from said intersect of said helix

coll Cartesian coordinates at point + Y max. upper for a
10 first geometric and -Y max. upper for a second geometric

center.

38. The method of claim 26 wherein said N-1 lower level
inductors contain:

15 a first and a second lower level conductor extending from
points of intercept of their upper surface geometric
lengthwise center with said X-X’ axis of said helix coil
Cartesian coordinates whereby said points of intercept are
located equidistant from the point of intercept of the X-

20 X’ and Y-Y’' axis of said helix coil-Cartesian coordinates
whereby said lengthwise geometric centers of said upper
surfaces of sald lower conductors intercept under an angle
with the Y-Y’ direction of said helix coil Cartesian .

coordinates whereby furthermore said first and second
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upper |l evel conductors in descending order of upper level and |ower |evel
conductor |l ength said procedure of connecting upper |evel conductors to

| ower | evel conductors to continue to where all N upper |level and N-1 15

| ower conductors that belong to said helix coil have been interconnected
thereby creating a helix conductor structure that is symetrical with said
Y-Y' axis as the center of said symetry. 20 40. The nethod of claim 39

wher eby two [.td ower . level canductors of equal |ength with a

| engt h thatlgggks%%gg%réow%ﬁﬂ%%ﬂﬁﬁF% %WPtﬁogFF 8?%% FREI“T¥vel conductors
are reserveg fog in@at/out ut conn ctiogﬁ with said helix coil whereby

sai d i nput OOTPUELS conhectT o1 BT &bl SRBETLYOPFBVIE g a verti cal

i nt er connect c&nductor to said renmi ning avail abl e geonetric centers of

said inter EORAREEOLT R o i PnTFErds ithee oridandltirididlitonslt | ower
| evel conductor further providing two 5 upper |evel conductors of extended
| ength t hat T8regnlareh cngurtnsyingagefertnc apf pnred clon e tmagdmivrct or s, 41.
The net hod of claim 26 whereby said helix coil is enbedded in a dielectric
and furtther #BRetkolerer Igved crtduayersofvhpasbivauronermet® alHe meet hod of
clai m 27 whereby said depositing a first

geometric center of said interconnect surface area of said

first maximum length lower level conductor coincides with
said point + Y max. upper thereby leaving a second
geometric center of said interconnect surface area of said

10 first maximum length lower level conductor available
whereby a first geometric center of said interconnect
surface areas of said second maximum length lower level
conductor coincides with said point -Y max. upper thereby
leaving a second geometric center of said interconnect

15 surface areas of said second maximum length lower level
conductor available; and
a multiplicity of 2N-3 conductors that are located in
equal numbers on both sides of said maximum length lower
level conductors extending from a point of intercept of

20 sald geometric centers of said lower level conductors with
said X-X' axis of said helix coil Cartesian coordinates
whereby furthermore the length of each of said

multiplicity of lower level conductors uniformly decreases
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| ayer of dielectric over said surface of said substrate said first |ayer

of dielectric having a thickness is 15 elim nated thereby depositing said
second |l ayer of intra- netal dielectric on said surface of said substrate.
43. The nethod of claim 30 of creating a nultiplicity of 2N verti cal

i nterconnects while sinultaneously creating a 20 nultiplicity of N upper

| evel inductors whereby spacing between said upper |evel and said | ower

| evel conductgésinof sai d ijix coi | ductgr is filled with ferromagnetic

y's

i
material whér &by Saf T HRB Bi-F &S Sitadn i RariPral Lgthy Ted to a

hei ght that_ equal s said height of said 82 vertical interconnect conductors
wher eby saiaeﬁﬁge?o%guc?%ﬁ§bnagnetic material is bounded by a ferromagnetic
boundary of six planes that are perpendicular to said surface of said
substrate whereby four of said six planes 5 of said ferromagnetic boundary
are within said body of said helix coil and parallel to four straight

lines that 3RonheetMaldiet et Yeomet6 whesrinar saod wpper | ewal | evel
~ conductor interconnect surface areas al ong said boundaries of said body of

sai d held x eenflugkdre and dFisurl pleandsveide ctfdnotooy exteyijrgimad ibyt er sect i ng
with said |ower |level conductor interconnect surface areas while being
di stanced Weanssaf dsdioheredtevell donductanetnsesconnegcdt surface areas
a first and second vertical interconnect is provided to
said maximum length upper level conductor overlying said
first and second geometric center of said interconnect
10 surface areas of said lower surface of said maximum length
upper level conductor whereby said vertical interconnects
face towards said upper surface of said lower level
conductor whereby saild geometric center of said first
vertical interconnect coincides with said first geometric
15 center of said interconnect surface area of said first
maximum length lower level conductor whereby said
geometric center of said second vertical interconnect
coincides with said first geometric center of said
interconnect surface area of said second maximum length
20 lower level conductor thereby leaving a second geometric
center of said interconnect surface areas available on
each of said first and second maximum length lower level

conductors;
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Wi thin said body of said helix coil whereby two planes of said
ferromagneti c boundary of said |ayer of ferromagnetic 15 material contain
one | engthw se sidewall of each of two |ower |evel conductors that are of
shortest | ength when conpared with all other |[ower |evel conductors
wherein said sidewalls formpart of said boundary of said helix coi
conprising the additional step of: 20 depositing a |layer of dielectric
havi ng attrlbgtes of said third layer of dielectric over said | ower |evel

conduct or s SEFHCSHRT" DU g IR "PafE el Of BPREE Vs e%ti ng  said
step of depgsiting a third layer of intra-netal dielectric whereby said
addi ti onal SP¥PE HFEEF STIUIT By Le398h andt 6pabEipgt wikhi srpnesd i8gchi ng
third layer of intra- netal dielectric; patterning and etching said |ayer
of diel ect rf® FAPeRCEYFHlaridratiors &iod spadr ewagheble peeamin; 5 depositing
a layer of ferromagnetic material having a surface over a surface of said
| ayer of di @FeRerTEe eittepall shiing indiedchbayert ofuffacormagreat icnn mat eri al
down to the surface of said |ayer of dielectric thereby |leaving a |ayer
of ferrdmghethcobmnt®aid adinat pinscecoved yerdgmsai deddch omsved deslelhori zont al
conductors. 44. A method for creating a helix coil inductor that can

conductors thereby leaving available a geometric center of

said interconnect surface of said lower level conductors

said interconnecting aligning one geometric center of said

interconnect surface of said lower level conductors with

10 one geometric center of said intercomnect surface of said

upper level conductors in descending order of upper level

and lower level conductor length said procedure of

connecting upper level conductors to lower level

conductors to continue to where all N upper level and N-1

15 lower conductors that belong to said helix coil have been
interconnected thereby creating a helix conductor

structure that is symmetrical with said Y-Y' axis as the

center of said symmetry.

20 40. The method of claim 39 whereby two additional lower
level conductors of equal length with a length that is
shorter when compared with all other lower level
conductors are reserved for input/output connections with

said helix coil whereby said input output connection is
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be created on a surface of a silicon substrate having a plane, said
surface of said silicon substrate having 15 Cartesian X and Cartesian Y
coordinates with corresponding X and Y axis perpendicularly intercepting,
whereby said point of interception of said X and Y axis is an arbitrary
point on a surface of said substrate henceforth referred to as the

substrate point of Cartesian i ntercept whereby 20 said helix coil is of
non- uni f orm hel a@'pl ane is perpendicular to said surface of
sai d subst rSFEa ?:%]?ﬁ)‘? 1d"r‘«’eé’t VG TACALl LPPRTEPRYCRF IQEUCHRET | evel

inductors located in a pI ane that is parallel with a plane of a surface

of said sil FE’oﬁa%‘?JbE‘?TF%&ré’*n%r?d’aéflé‘é’chen@eé’mﬁﬁFtlFpF?%WJyS off Adderti cal

i nterconnect 5 conductors having a circular cross section with a radius

| ocat ed i n APPEEARIRPGEE deeaferqferrdiicuppew shréaptane ofid surface of said

silicon substrate whereby said vertical interconnects are of non-uniform

hei ght mheré@?lg%‘a@@al ckaey g e Imglaridpicitoirt fuot heerprealdimg emeonnects i s

10 conmbined with creating a multiplicity of N upper |evel inductors having

a thi ckriessubpeat kevéh compluarenshatt iextepdedl Lehgtht thewi £ plrand tof a

surface of said silicon substrate whereby said upper |evel connectors are
said provided vertical interconnect conductors.

41. The method of claim 26 whereby said helix coil is
embedded in a dielectric and furthermore covered by a

10 layer of passivation.

42. The method of claim 27 whereby said depositing a first
layer of dielectric over said surface of said substrate
said first layer of dielectric having a thickness is

15 eliminated thereby depositing said second layer of intra-

metal dielectric on said surface of said substrate.

43. The method of claim 30 of creating a multiplicity of
2N vertical interconnects while simultaneously creating a
20 multiplicity of N upper level inductors whereby spacing
between said upper level and said lower level conductors
of said helix coil inductor is filled with ferromagnetic
material whereby said layer of ferromagnetic material is

deposited to a height that equals said height of said

B2




separated fromsaid | ower |evel conductors. 15 45. The nmethod of claim44
wherein said creating a multiplicity of N1 | ower |evel conductors
conprises the steps of: depositing a first |layer of dielectric over said
surface 20 of said substrate said first |layer of dielectric having a

t hi ckness; depositing a second |ayer of intra-nmetal dielectric over said
first layer of dielectric said second |ayer of intra- netal dielectric
havi ng a surface; 85 patterning and etching said second | ayer of

i ntra- et al VegFéfratt Free¢ranast crasmtiaterer ehelebyf saidalaysmidafi plicity of
| ower | evel conductors; filling said trenches for said nultiplicity of

| ower | evel feBrepaguet be snatieial fia Soungeel bef améeatromameetpianari zi ng sai d
first level of netal down to the surface of said second |ayer of

i ntra-netal bdietlacyrof siverslynescridniti ngespedpaubii tplacity ofid ower |eve
conductors. 10 46. The nethod of claim45 whereby said depositing a first

|l ayer of di ehetacecobvedidaiubsiydtacamelrepgi dogubstrated sat hifddest |ayer

of dielectric having a thickness is elimnated thereby depositing said
second Imyebfobaidt f@romagnetic boundary are within said body of
said helix coil and parallel to four straight lines that
connect adjacent geometric centers of said lower level
conductor intercomnect surface areas along said boundaries
of said body of said helix coil while said four planes are

10 not overlying or intersecting with said lower level
conductor interconnect surface areas while being distanced
from said lower level conductor interconnect surface areas

"within said body of said helix coil whereby two planes of
sald ferromagnetic boundary of said layer of ferromagnetic

15 material contain one lengthwise sidewall of each of two
lower level conductors that are of shortest length when
compared with all other lower level conductors wherein
said sidewalls form part of said boundary of said helix
coil comprising the additional step of:

20 depositing a layer of dielectric having attributes of said
third layer of dielectric over said lower level conductors
said step of depositing a layer of dielectric replacing
said step of depositing a third layer of intra-metal

dielectric whereby said additional steps are followed by
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nmetal dielectric on said surface of said substrate. 15 47. The met hod of
claim44 wherein each of said |lower |evel conductors contains: a width in
a plane that is parallel with said plane of said surface of said silicon
substrate henceforth referred 20 to as a | ower |evel conductor width; a
|l ength in a plane that is parallel with said plane of said surface of said
silicon substrate henceforth referred to as a | ower |evel conductor
| ength; 86 a height in a plane that is perpendicular to said plane of said
surface of §%}§ §¢R COin RASTA0 ﬁ@ﬁc@géhﬁﬁgrE$%¥¢f%ﬁyﬁﬁ)Qﬁs%&tﬁémer | evel
conductor height; vertical sidewalls in a plane that is perpendicular to 5
sai d pl ane BFt3hj ¢ etfFtacieiof said silicon substrate in a direction of the
| ength of said | ower |evel conductor henceforth referred to as |ower |evel
conduct or | RabteviErY adatsbing vedtd daleyi dewalébedtria plrane that is
perpendi cular to 10 said plane of said surface of said silicon substrate in
a directioncobrddrecanivdith cfaishifércondgotoichpacedarth referred to as
| ower | evel conductor w dthw se sidewalls whereby said vertical sidewalls
have theé cod¢pusstioig a8 layer of ferromagnetic material having a

surface over a surface of said layer of dielectric; and

polishing said layer of ferromagnetic material down to the

surface of said layer of dielectric thereby leaving a

layer of ferromagnetic material in place overlying said

i0 lower level horizontal conductors.

44. A method for creating a helix coil inductor that can
be created on a surface of a silicon substrate having a
plane, said surface of said silicon substrate having

15 Cartesian X and Cartesian Y coordinates with corresponding
X and Y axis perpendicularly intercepting, whereby said
point of interception of said X and Y axis is an arbitrary
point on a surface of said substrate henceforth referred
to as the substrate point of Cartesian intercept whereby

20 said helix coil is of non-uniform height in a plane that
is perpendicular to gaid surface of said substrate,

comprising:
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sem -circle; 15 an upper surface in a plane that is parallel wth said

pl ane of said surface of said silicon substrate henceforth referred to as
a |l ower |evel conductor upper surface whereby said |ower |evel conductor
upper surface contains two interconnect surface areas | ocated at both
extremties 20 of length of said | ower |evel conductor upper surface such
that each of said interconnect surface areas is bounded on one side by
said | ower |evel conductor w dthw se sidewall henceforth referred to as

| ower | evel CEBRBHRE F Mhtleritidifidet ofubfacéoarsasevey Indwitarssurface in a
plane that is parallel with said plane of said surface of said silicon
substrat e héfeeteftin 3 glanedhad ds parehdel] eieh zarituct @t loower surface;
and a geonetric center line that is aline that is located in 5 a
geonet ri ¢ néddfacderhwenidaid deemgtsmbisseasiedenatil s in a direction of said
| engt hwi se sidewalls that is furthernore |ocated in said |ower |eve
conduct or uppezt sy facewl thigicefiant bfr elereeditl asntev®@ndentel conduct or
geonetric center |ine whereby endpoints for said geonetric center 10 line

are rentvedcénomisars Wadting se Sirdewal! srby¥sasedt séangat hatr-eaual s said
radius of said cross section of said vertical interconnect conductors.

located in a plane that is perpendicular with a plane of a
surface of said silicon substrate whereby said vertical
interconnects are of non-uniform height whereby said
creating a multiplicity of vertical interconnects is

10 combined with creating a multiplicity of N upper level
inductors having a thickness located in a plane that is
.parallel with said plane of a surface of said silicon
substrate whereby said upper level connectors are
separated from said lower level conductors.

15
45. The method of claim 44 wherein said creating a
multiplicity of N-1 lower level conductors comprises the
steps of:
depositing a first layer of dielectric over said surface

20 of said substrate said first layer of dielectric having a
thickness;
depositing a second layer of intra-metal dielectric over
said first layer of dielectric said second layer of intra-

metal dielectric having a surface;
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48. .The net hod of claim47 whereby said | ower |evel 15 conductor

i nterconnect surface areas have a surface area that is a geonetric circle
having a radius further having a geonetric center whereby a center of said
circle forns said geonetric center of said | ower |evel conductor

i nterconnect surface areas whereby said geonetric center 20 is |ocated on
said | ower |evel conductor geonetric center Iline at a distance fromsaid

w dt hwi se sidewalls of said |ower |evel conductors that is equal to a
radi us of tRatLeTREfe anhteHBrimg saiid isscendohnper sfirinwem ardad. 49. The
met hod of claim44 wherein said creating a nultiplicity of 2N vertical

i nt er connec@sebechpic Uidrhy dusigling ¢ocanetiebnfar pband mudatiplsicity
perpendicular with a plane of a surface of said silicon substrate conbi ned
with 5 creabfnyowenulavel iairtduaford ;upper | evel inductors located in a
plane that is parallel with said plane of a surface of said silicon
substrat e whelehygssd il verdrictals fioit exdanmect 1 pDDAUEF 055 hawa aealyi ng

hei ght that increnentally varies froma mninmmheight of Hvmn to a 10

maxi mumshei ghhdedtdaaxi i d rereenteseof oBHieecQmprisges the steps of:
depositing a third layer of intra-netal dielectric having a thickness

further haV%DQnﬁrﬁﬁﬁ@%ﬁ/%ir%%i 4929084 nkBYEraQini f rdnd eiglediel ectric
t hereby including the
of said second layer of intra-metal dielectric thereby

creating said multiplicity of lower level conductors.

10 46. The method of claim 45 whereby said depositing a first
layer of dielectric over said surface of said substrate
said first layer of dielectric having a thickness is
eliminated thereby depositing said second layer of intra-
metal dielectric on said surface of said substrate.

15
47. The method of claim 44 wherein each of said lower
level conductors contains:

a width in a plane that is parallel with said plane of
said surface of said silicon substrate henceforth referred

20 to as a lower level conductor width;

a length in a plane that is parallel with said plane of
said surface of said silicon substrate henceforth referred

to as a lower level conductor length;
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15 surface of said multiplicity of |ower |evel conductors said third |ayer
of intra-netal dielectric having a surface whereby a thickness of said
third | ayer of dielectric equals DHv increased by said thickness of said
upper | evel conductor; 20 patterning and etching third | ayer of intra-netal
dielectric thereby creating two dual damascene structures that are equally
spaced fromsaid Y-Y axis whereby vias of said dual damascene structures
formsaid verﬁic | ipterconnect conductors of height Hvmn that align with
e

89 underlyi fig ctdrd Rfens it datokér Prependispdattop Said alemenedt
surface areas whereby dual damascene trenches are parallel with said Y-Y
axi s and foPAt<aP¥rifgrrof sadld sddrigest substBatepbente ferth Imferret net al
over said third layer of dielectric; and planarizing said deposited | ayer
of metal dofA 88 & hkowemrkewsd sfonshicdotrhhedghayer of diel ectric; repeating
said steps of depositing a third layer of intra- 10 netal dielectric
t hr ough pl anartx¢ay shlevaldposin ed dlayer that metaérpdedehyl frorcceach
repetition said third |ayer of dielectric that is deposited has a
t hi ckness ofaDRvplbdmus ofSaald hiwaldeees oef saaddsuppesn | @vedtcanrduet ar wher eby
said
direction of the length of said lower level conductor
henceforth referred to as lower level conductor lengthwise
gidewalls;
vertical sidewalls in a plane that is perpendicular to
10 said plane of said surface of said silicon substrate in a
direction of the width of said conductor henceforth
referred to as lower level conductor widthwise sidewalls
whereby said vertical sidewalls have the contours of a
semi-circle;
15 an upper surface in a plane that is parallel with said
plane of said surface of said silicon substrate henceforth
referred to as a lower level conductor upper surface
whereby said lower level conductor upper surface contains
two interconnect surface areas located at both extremities
20 of length of said lower level conductor upper surface such
that each of said interconnect surface areas is bounded on
one side by saild lower level conductor widthwise sidewall

henceforth referred to as lower level conductor

interconnect surface areas;
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patterning and etching said third layer of intra-netal 15 dielectric
results in vertical interconnect conductors of increnental height that is
equal to the height of the previous vertical interconnect conductor
i ncreased by DHv whereby said vertical interconnects connect to underlying
| ower | evel connectors whereby furthernore upper |evel 20 conductors are
created that interconnect said vertical interconnect conductors and that
intersect said Y-Y' axis wunder an angle of 90 degrees. 90 50. The nethod
of cl ai m 442wheY8F nSeEEH D1 PLpsret itdalt 1”ﬁnPéF@ habctkte gritisl ns: a hei ght
of non-uni form val ue henceforth referred to as vertical interconnect
hei ght wher Bb§18aPH $iGhturstagr dmsatial oy liaphesubsomie tigrigafiottdi ght of
Hvmin to a rmaxi mum height of Hvmax in increnents of DHv; a top surface
that is in #eperanedthatas s parwdd dlevwilt konsaktdopl hoeeof swwaiabesubstd at e and
removed fromsaid substrate by a distance that equals a sum of said height
10 of sai d septimatrintermonndcineanthasaiid bhilckaessaofisaidbatfdd 9 | ayer of
dielectric; and a circular cross section having a geonetric center that is
formed by aal jeem¢haic imi@ilconraeticen o idr LBRGEhNEHE 6§ Bddfal I3V O nore of
said circular cross sections henceforth

direction of said lengthwise sidewalls that is furthermore

located in said lower level conductor upper surface

henceforth referred to as lower level conductor geometric

center line whereby endpoints for said geometric center

10 line are removed from said widthwise sidewalls by a
distance that equals said radius of said cross section of

said vertical interconnect conductors.

48. The method of claim 47 whereby said lower level

15 conductor interconnect surface areas have a surface area
that is a geometric circle having a radius further having
a geometric center whereby a center of said circle forms
said geometric center of said lower level conductor
interconnect surface areas whereby sald geometric center

20 is located on said lower level conductor geometric center
line at a distance from said widthwise sidewalls of said
lower level conductors that is equal to a radius of the

circle that forms said interconnect surface areas.
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15 referred to as vertical interconnect cross section. 51. The nethod of
claim44 wherein each of said upper |evel conductors contains: a width in
a plane that is parallel with said plane of 20 said surface of said silicon
substrate henceforth referred to as a upper |evel conductor width; a
| ength in a plane that is parallel with said plane of said surface of said
silicon substrate henceforth referred to as a upper |evel conductor
| ength; 91 a height in a plane that is perpendicular to said plane of said
surface of 8a3r dT8¢| TS s tTdia Heénobiesein Feldrereting a5 a upper |evel
conductor height; vertical sidewalls in a plane that is perpendicular to 5
sai d pl ane BRIEAPHIGLEY aefe BF wuitd osill iimsrrsobseras eof maen-whiirfeati on of t he
| ength of said upper |evel conductor henceforth referred to as upper |evel
conduct or | baguhin becatsddiewald planeerthiatali sspdepahfiscilam yltane that is
perpendi cular to 10 said plane of said surface of said silicon substrate in
a directioplafetht aisithfafe sdi dadandudtiebnhencetpitd comafetdedrittd as
upper |evel conductor w dthw se sidewalls whereby said -vertical
si dewal I3 haveatheg contdlyiplofciady $EMN- Gbpekelevel inductors located
in a plane that is parallel with said plane of a surface
of said silicon substrate whereby said vertical
interconnect conductors have a varying height that
incrementally varies from a minimum height of Hvmin to a
10 maximum height of Hvmax in increments of DHv comprises the
steps of:
depositing a third layer of intra-metal dielectric having
a thickness further having a surface over said second
layer of intra-level dielectric thereby including the
15 surface of said multiplicity of lower level conductors
said third layer of intra-metal dielectric having a
surface whereby a thickness of said third layer of
dielectric equals DHvV increased by said thickness of said
upper level conductor;
20 patterning and etching third layer of intra-metal
dielectric thereby creating two dual damascene structures
that are equally spaced from said Y-Y’' axis whereby vias

of said dual damascene structures form said vertical

interconnect conductors of height Hvmin that align with
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15 an lower surface in a plane that is parallel with said plane of said
surface of said silicon substrate henceforth referred to as a upper |evel
conductor | ower surface whereby said upper |evel conductor |ower surface
contains two interconnect surface areas |ocated at both extremties 20 of
| ength of said upper |evel conductor |ower surface such that each of said
i nterconnect surface areas is bounded on one side by said upper |evel
conduct or mﬁdégE'se si de henceforth referred. to as upper |evel

conduct or i Ht HEEtC 99£ﬂ¥5apéa§alé218Heﬁpb%Ve%Lﬁ9%QRFWQ¥ a pl ane t hat
is parallel , wth said plane of said surface of said silicon substrate
hencef ort h IREFEFPRRES By TR pEr e VEETEBHdgeR br duppFensutirgsehesnd  a
geonetric center line that is a line that is |located in 5 a geonetric
m ddl e bet WBE®H BT IRngtHll Seish JeWdl Pgisi and fofmesridbrmlersdiegel
| engt hwi se sidewalls that is furthernore |ocated in said upper |evel
conduct or | ewefugterface henceforth referred to as upper |evel conductor
geonetric center |ine whereby endpoints for said geonetric center 10 line
are rentveddépor shig avildtyen sf siedenablerbyasd dhstdnce dhaif equal s said
radi us of said cross section of said vertical interconnect conductors. 52.
The met hod dfeTda@imm bl amaer eby sai d upper |evel
planarizing said deposited layer of metal down to the
surface of said third layer of dielectric;
repeating said steps of depositing a third layer of intra-
10 metal dielectric through planarizing said deposited layer
of metal whereby for each repetition said third layer of
dielectric that is deposited has a thickness of DHv plus
said thickness of said upper level conductor whereby said
patterning and etching said third layer of intra-metal
15 dielectric results in vertical interconnect conductors of
incremental height that is equal to the height of the
previous vertical interconnect conductor increased by DHv
whereby said vertical interconnects connect to underlying
lower level connectors whereby furthermore upper level
20 conductors are created that interconnect said vertical

interconnect conductors and that intersect said Y-Y’' axis

under an angle of 90 degrees.

20




15 conductor interconnect surface areas contain a surface area that is a
geonetric circle having a radius further having a geonetric center whereby
a center of said circle forms said geonetric center of said upper |evel
conductor interconnect surface areas whereby said geonetric centers 20 are
| ocated on and are end-points of said upper |evel conductor geonetric
center line at a distance fromsaid w dthw se sidewalls of said upper

| evel conductors that is equal to a radius of the circle that fornms said
i nt er connecPPsufPacBeERACt galaian shhavhemeiad cerhcephi ardd wiridlal sai d
helix coil  inductor is created overlying helix coil Cartesian X and

Cartesi'an YlBbBFEPHAEESS WWeH &t espondi ng helix coil X 5 axis and Y axis
perpendicularly intercepting, whereby said point of interception of said
hel i x coil X BAHIN: axf snom-umirf eumbivalarey peinefonth safémosd ofo sa d
substrate henceforth referred to as the helix coil point of Cartesian
i ntercept, whetebylshittehedinedoilleifghtt hiertByceatdihsiglac | ength in a pl ane
that is parallel with said plane of said surface of said silicon substrate
that is Sreasuredméntakbldivectdortain saind nXrGar hesyan epouehnate, henceforth
referred to as a helix coil |ength;

maximum height of Hvmax in increments of DHv;

a top surface that is in a plane that is parallel with

said plane of said substrate and removed from said

substrate by a distance that equals a sum of said height

10 of said vertical interconnect and said thickness of said

first layer of dielectric; and

a circular cross section having a geometric center that is

formed by a line that interconnects two or more centers of

two or more of said circular cross sections henceforth

15 referred to as vertical interconnect cross section.

51. The method of claim 44 wherein each of said upper
level conductors contains:
a width in a plane that is parallel with said plane of

20 said surface of said silicon substrate henceforth referred
to as a upper level conductor width;
a length in a plane that is parallel with said plane of
said surface of said silicon substrate henceforth referred

to as a upper level conductor length;
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15 a width in a plane that is parallel with said plane of said surface of
said silicon substrate that is measured in a direction of said Y Cartesian
coordi nate henceforth referred to as a helix coil width; and a non-uniform
height in a plane that is perpendicular to 20 said plane of said surface
of said silicon substrate whereby said height of said helix coil varies
symmetrically with said Y-Y' axis as a center of symmetry. 94 54. The

met hod of cl aim44 whereby said substrate point of Cartesian intercept

coi nci des witRes3tid Held o iddig theitntis prreapdéesibar i vr eradabto lniver ey sai d
helix coil point of Cartesian intercept is selected on said surface of
sai d 5 subst?id eS@WeLare stfatdagn whedeosasdbherake cloghod frdudt arefiesretio be
created thereby inplying a fixed orientation of said helix coil Cartesian
X axi s and @ar2esi awpenxieyelsgonfletwet hedgbt ; cl ai m 44 wherein said upper
| evel 10 conductors contain: a conductor created in equal lengths in a

di recti on ofersigal Siatewalies Yn axipdiank shabd belpersaididardresioan

coordi nates that is of an upper |evel conductor length that is |onger than
al | other ceatfighbirse cohtsaiinedusifblien of5s5aids Uppesn | aualceardyet ar s

henceforth referred to as the nmaxi numlength upper |evel conductor; and
direction of the length of said upper level conductor
henceforth referred to as upper level conductor lengthwise
gidewalls;
vertical sidewalls in a plane that is perpendicular to

10 said plane of said surface of said silicon substrate in a
direction of the width of said conductor henceforth
referred to as upper level conductor widthwise sidewalls
whereby said vertical sidewalls have the contours of a
gsemi-circle;

15 an lower surface in a plane that is parallel with said
plane of said surface of zaid silicon substrate henceforth
referred to as a upper level conductor lower surface
whereby said upper level conductor lower surface contains
two interconnect surface areas located at both extremities

20 of length of said upper level conductor lower surface such
that each of said interconnect surface areas is bounded on
one side by said upper level conductor widthwise sidewall
henceforth referred to as upper level conductor

interconnect surface areas;
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a multiplicity of conductors that are created parallel wth said maxi num

| engt h upper | evel conductor that are |ocated on both sides of said
maxi mum | engt h upper | evel 20 conductor whereby the |l ength of said
multiplicity of conductors is created in equal lengths in the Y and the Y
direction of said helix coil Cartesian coordi nates whereby furthernore the
| ength of each of said multiplicity of conductors uniformy decreases with
i ncreasi ng di stance 95 between sai d maxi nrum | ength upper |evel conductor

and sai d eafh OPPSL; IHIAYS pit & B e Ebaguésorarabbel T lhetaisd of clai m
55 whereby said geonetric centers 5 of said interconnect surface areas of
sai d | ower BhPPacef ofakdishnfmdenad sedgt sidppen sevetraondestaefoaté | ocat ed
on said Y-Y' axis of said helix coil Cartesian coordinates and at equal
di st ances f¥oResEed intay sectppslr daivelhebnductor| ufeet esimfacqordidnat es at
points + Y max. upper and -Y 10 max. upper. 57. The nethod of claim44
wherei n sai d gedmé¢oper devdr liimeuchars igoant aine ehit rsd wuwhtedaagond | ower
| evel conductor henceforth 15 referred to as nmaxi mum |l ength | ower |evel
conduct & s aeg¢enstng: ot lpoikeitveeh isatar cephrBfiisdeai Tadippears sw hace
geonetric |l engthw se center with said X-X axis of said

direction of said lengthwise sidewalls that is furthermore

located in said upper level conductor lower surface

henceforth referred to as upper level conductor geometric

center line whereby endpoints for said geometric center

10 line are removed from said widthwise sidewalls by a
distance that equals said radius of said cross section of

said vertical interconnect conductors.

52. The method of claim 51 whereby said upper level

15 conductor interconnect surface areas contain a surface
area that is a geometric circle having a radius further
having a geometric center whereby a center of said circle
forms said geometric center of said upper level conductor
interconnect surface areas whereby said geometric centers

20 are located on and are end-points of said upper level
conductor geometric center line at é distance from said
widthwise sidewalls of said upper level conductors that is
equal to a radius of the circle that forms said

interconnect surface areas.
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helix coil Cartesian coordi nates whereby said points of intercept are
| ocated equidistant fromthe point of 20 intercept of the X-X and Y-Y
axis of said helix coil Cartesian coordi nates whereby said | engt hw se
geonetric centers of said upper surfaces of said | ower conductors
i ntercept under an angle with the Y-Y' direction of said helix coi
Cartesian coordi nates whereby furthernore said 96 first and second | ower
| evel conductor are of a lower |evel conductor lengths that is |onger than
all other |ower |evel conductors that are contained within said
mul tiplicity of |ower |evel conductors henceforth referred 5 to as maxi mum
| engt h Iome¥3lég@¢T%ﬁﬁﬁﬁbﬁék§1ﬁﬁéréByWhﬁﬁﬁﬁhe$®h¢ehQﬂiir@ltbeonntric cent er
of said interconnect surface area of said first maxi mumlength | ower |evel
conduct or cHifesidas g tdrepdied poiemil yiny hekixuppel Tderebian Keavidng a
second geonetric center of said interconnect 10 surface area of said first
maxi mum | eng@htéwmimer ¥ evelrdicenesc vdrhavarkrasbendhey eyl iac fdaidt xgeonetric
center of said interconnect surface areas of said second nmaxi rum | ength
| oner | evel axbmduet of scdisngicdeendithlasild patstceptid@X. wHHREY kheaeby
| eavi ng a second geonetric center of 15 said interconnect surface areas of
sai d secondpodxt naim idengidpriomenrl awel gandictor1 avaidabt exiands

an arbitrary point on a surface of said substrate

henceforth referred to as the helix coil point of

Cartesian intercept, whereby said helix coil further

10 contains:
a length in a plane that is parallel with said plane of
said surface of said silicon substrate that is measured in
a direction of said X Cartesian coordinate henceforth
referred to as a helix coil length;

15 a width in a plane that is parallel with said plane of
said surface of said silicon substrate that is measured in
a direction of said Y Cartesian coordinate henceforth
referred to as a helix coil width; and
a non-uniform height in a plane that is perpendicular to

20 said plane of said surface of said silicon substrate
whereby said height of said helix coil varies

symmetrically with said Y-Y’ axis as a center of symmetry.
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a multiplicity of 2N-3 conductors that are |located in equal nunbers on
both sides of said maxi mumlength |ower |evel conductors extending froma
poi nt of intercept of 20 said geonetric centers of said | ower |evel
conductors with said X-X axis of said helix coil Cartesian coordi nates
whereby furthernore the | ength of each of said multiplicity of |ower |evel
conductors uniformy decreases 97 with increasing di stance between said

maxi mum | ength | ower | evel conductors. 58. The nethod of claim 44 wherein
sai d upper Pevels Befirttdh $laid 44i whesaby Bevdl seerldiateoms iate ofoi ned by
means of said vertical interconnects such that: a first and second vertica
i nt er connectaFsepiyvi Hgenaepts gicd neddesumi kbngahd uppkix |evidl redmduct or
overlying said first and second geonetric center of said interconnect 10
surface areaf Gfrtedihn oudrerserftackeokbyakdidakehimm dergtgointppsr | evel
conductor whereby said vertical interconnects face towards said upper
surface of Sartedmerideueleptcdrduetierteliebabyasai dugearetdd ggaent er of
said first vertical interconnect coincides with said first geonetric 15
center & saildstrdes connedoitiicac ehateasafiasaediti¢stl Mmxidpem ligngt h

| ower | evel conductor whereby said geonetric center of said second
vertical intersonfesdcted thereby implying a fixed orientation of said

helix ceoil Cartesian X axis and Cartesian Y axis.

55. The method of claim 44 wherein said upper level
10 conductors contain:
a conductor created in equal lengths in a direction of
said Y and the Y’ axis of said helix coil Cartesian
coordinates that is of an uppef level conductor length
that is longer than all other conductors contained within
15 sald upper level conductors henceforth referred to as the
maximum length upper level conductor; and
a multiplicity of conductors that are created parallel
with said maximum length upper level conductor that are
located on both sides of said maximum length upper level
20 conductor whereby the length of said multiplicity of
conductors is created in equal lengths in the Y and the Y’
direction of said helix coil Cartesian coordinates whereby
furthermore the length of each of said multiplicity of

conductors uniformly decreases with increasing distance
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coincides with said first geonetric center of said interconnect surface
area of said second maxi num |l ength 20 | ower | evel conductor thereby |eaving
a second geonetric center of said interconnect surface areas avail able on
each of said first and second maxi num |l ength | ower |evel conductors; 98

i nterconnecting in descendi ng order of upper |evel and |ower |evel
conductor length and starting with connecting an upper |evel conductor to
sai d avail abl e second . geonetric center of said interconnect surface areas

on 5 each ofS$&H 54t TWEC o HIhEX FREAT | vFgth TRV End EBhduct or s
t her eby | eavi avai l abl e _a geqgnetric center of said interconnect surface
of said Iom%?g€éV%FﬁﬁéhGB@F6P§1C§5Vd°?nF@F@%@#@%ﬁing al i gni ng one geonetric
center of said interconnect surface of said | ower |evel conductors with 10
one geonetric center of said interconnect surface of said upper |evel
conductors in descendi ng order of upper level and |ower |evel conductor
| engt h sai CHr it heid odorredmi A whpeeby eveld crrmhedtdcs ceatkeower | eve
conductors to continue to where all N upper level and NN1 15 | ower
conduct &r s ¢hagaiskliorigricongaict kekifaceoatehavef beeind liowear confiected t her eby
creating a helix conductor structure that is symetrical with said Y-Y' as
the center of said maximum length upper level conductor are located

on said Y-Y' axis of said helix coil Cartesian coordinates

and at equal distances from said intersect of said helix

coll Cartesian coordinates at points + Y max. upper and -Y

10 max. upper.

57. The method of claim 44 wherein said N-1 lower level
inductors contain:
a first and a second lower level conductor henceforth

15 referred to as maximum length lower level conductors
extending from points of intercept of their upper surface
geometric lengthwise center with said X-X’ axis of said
helix coil Cartesian coordinates whereby said points of
intercept are located equidistant from the point of

20 intercept of the X-X’' and Y-Y’' axis of said helix coil
Cartesian coordinates whereby said lengthwise geometric
centers of said upper surfaces of said lower conductors
intercept under an angle with the Y-Y’ direction of said

helix coll Cartesgian coordinates whereby furthermore said
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of said symetry. 20 59. The nmethod of claim44 whereby said helix coil is
enbedded in a dielectric and furthernore covered by a |ayer of
passivation. 99 60. The method of claim44 whereby a set of two | ower
| evel conductors of equal length that are of shortest |ength when conpared
with all other |ower |evel conductors are reserved for input/output
connections with said helix 5 coil whereby said input output connection is
est abl i shed .q¥ prqyidin vertical Enterconnect conductaor to said
remai ni ng avar T aE dﬁ%ﬁ%i TOYEEN L EVE L oFORAMEE PR RFE SHneC tiOW&Feas of sai d
upper surfaie of said |lower |evel conductor further providing two upper

u

| evel condut®bis GIMBGIdE BEEehgeh ERat OBIFHNERFR R 1daicthstovi ded

vertical interconnect conductors whereby said two upper |evel conductors
i ntersect sEPWEX-Develkiwndgygdorsn thagl aref cootbepdesitieén spie net hod of
claim49 for creating a helix coil 15 inductor of non-uniform hei ght
wher eby spaiithiglbletaiden Saildweppeeviedy ebndndtsas chéroweiontdy ele feamddct or s of
said helix coil inductor is filled with ferromagnetic material conprising
t he addi%t i obalastrepkisfurs dlemcitily éoyedepesel | agnduct @yerwiafrebgr r omagneti ¢
material over said |ower |evel 20 conductors whereby said | ayer of
ferromagnet fertiedmeidmd d Sirst geometric center of said interconnect
surface area of said first maximum length lower level
conductor coincides with said point + Y max. upper thereby
leaving a second geometric center of said interconnect
10 surface area of said first maximum length lower level
conductor available whereby a first geometric center of
said interconnect surface areas of said second maximum
length lower level conductor coincides with said point -Y
max. upper thereby leaving a second geometric center of
15 said interconnect surface areas of said second maximum
length lower level conductor available; and
a multiplicity of 2N-3 conductors that are located in
equal numbers on both sides of said maximum length lower
level conductors extending from a point of intercept of
20 said geometric centers of said lower level conductors with
said X-X' axis of said helix coil Cartesian coordinates

whereby furthermore the length of each of said

multiplicity of lower level conductors uniformly decreases
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deposited to a height that equals said height of said vertical

i nterconnect conductors whereby said | ayer of ferronmagnetic nmaterial is
bounded by aaa whereby said |ayer of ferromagnetic material is bounded by
a 100 ferromagnetic pattern of six planes that are perpendicular to said
surface of said substrate whereby four of said six planes of said
ferromagneti c boundary are within said body of said helix coil and

par al | el tqwigwriggrég ht %&p s 5 tpag connect _adj acent _geonetric centers
of said | ower | €ve 5%ﬁﬁh 57 3 fife PEGHREERt SRLP { AT WL 4T WO d C¥EF d
boundari es é %fiq§§§?¥ of said helix coil wthout said four planes
overlying orSYTt €7 Hﬂf%Mth said | ower .level conductor interconnect
surface areas while being 10 distanced fromsaid | ower |evel conductor
i nterconnect surface areas within said body of said helix coil whereby
two planes of said ferromagnetic boundary of said layer of ferromagnetic
material comt ai TR hasgychnicdaisi déwaherein sath wipamddveder | evel
conductors that are of shortest 15 | ength when conpared with all other
| oner | ével ceptidiicans snduserigi Aoyairdlsidéwabhdudiorrs pare jofined yboundary
of said helix coil conprising the additional step of: depositing a |ayer
of di el ect rieadmhgatd Mehities lofinsardontbtte daytertiaft :di el ectric over
said | ower |evel conductors
a first and second vertical interconnect is provided to
said maximum length upper level conductor overlying said
first and second geometric center of said interconnect
10 surface areas of said lower surface of said maximum length
upper level conductor whereby said vertical interconnects
face towards said upper surface of said lower level
conductor whereby said geometric center of said first
vertical interconnect coincides with said first geometric
15 center of said interconnect surface area of said first
maximum length lower level conductor whereby said
geometric center of sald second vertical interconnect
coincides with said first geometric center of said
interconnect surface area of said second maximum length
20 lower level conductor thereby leaving a second geometric
center of said interconnect surface areas available on

each of said first and second maximum length lower level

conductors;
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20 said step of depositing a |ayer of dielectric replacing said step of
depositing a third layer of intra-netal dielectric whereby said additional
steps are followed by said step of patterning and etching third | ayer of
intra- netal dielectric; 101 patterning and etching said | ayer of
dielectric in accordance with said ferromagnetic pattern; depositing a

| ayer of ferromagnetic material having a surface over a surface of said

| ayer- of dielectric; and Si%plishin .said | ayer_ of ferromagnetic materi al

down to the' STHYAREDSH Saild FEyEFP G di BF et rPL RS Vdadfy a | ayer

of ferronagfetic material in place overlying said |ower |evel horizontal
conduct or s t9¥F level conductor length and starting with connecting

an upper level conductor to said available second
geometric center of said interconnect surface areas on
5 each of said first and second maximum length lower level

conductors thereby leaving available a geometric center of
said interconnect surface of said lower level conductors
said interconnecting aligning one geometric center of said
interconnect surface of said lower level conductors with

10 one geometric center of said interconnect surface of said
upper level conductors in descending order of upper level
and lower level conductor length said procedure of
connecting upper level conductors to lower level
conductors to continue to where all N upper level and N-1

15 lower conductors that belong to said helix coil have been
interconnected thereby creating a helix conductor
structure that is symmetrical with said Y-Y’ as the center

of saild symmetry.
20 58, The method of claim 44 whereby said helix coil is

embedded in a dielectric and furthermore covered by a

layer of passivation.
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60. The method of claim 44 whereby a set of two lower
level conductors of equal length that are of shortest
length when compared with all other lower level conductors
are reserved for input/output connections with said helix
coil whereby said input output connection is established
by providing a vertical interconnect conductor to said
remaining available geometric centers of said interconnect
areas of said upper surface of said lower level conductor
further providing two upper level conductors of extended
length that align with said provided vertical interconnect
conductors whereby said two upper level conductors

intersect said X-X' axis under an angle of 90 degrees.

61. The method of claim 49 for creating a helix coil
inductor of non-uniform height whereby spacing between
said upper level and said lower level conductors of said
helix coil inductor is filled with ferromagnetic material
comprising the additional step of selectively depositing a
layer of ferromagnetic material over said lower level
conductors whereby said layer of ferromagnetic material is
deposited to a height that equals said height of said
vertical interconnect conductors whereby said layer of
ferromagnetic material is bounded by aaa whereby said

layer of ferromagnetic material is bounded by a
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ferromagnetic pattern of six planes that are perpendicular
to said surface of said substrate whereby four of said six
planes of said ferromagnetic boundary are within said body
of said helix coil and parallel to four straight lines
that connect adjacent geometric centers of said lower
level conductor interconnect surface areas along said
boundaries of said body of said helix coil without said

four planes overlying or intersecting with said lower

~level conductor interconnect surface areas while being

distanced from said lower level conductor interconnect
surface areas within said body of said helix coil whereby
two planes of said ferromagnetic boundary of said layer of
ferromagnetic material contain one lengthwise sidewall of
each of two lower level conductors that are of shortest
length when compared with all other lower level conductors
wherein said sidewalls form part of said boundary of said
helix coil comprising the additional step of:

depositing a layer of dielectric having attributes of said
third layer of dielectric over said lower level conductors
sald step of depositing a layer of dielectric replacing
sald step of depositing a third layer of intra-metal
dielectric whereby said additional steps are followed by
said step of patterning and etching third layer of intra-

metal dielectric;
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patterning and etching sgaid layer of dielectric in
accordance with said ferromagnetic pattern;

depositing a layer of ferromagnetic material having a
surface over a surface of said layer of dielectric; and
polishing said layer of ferromagnetic material down to the
surface of said layer of dielectric thereby leaving a
layer of ferromagnetic material in place overlying said

lower level horizontal conductors.
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