6 SEP 2004 | NTEGRATED HELI X CO L | NDUCTOR ON SI LI CON BACKGROUND OF THE
I'NVENTI ON (1) Field of the Invention The invention relates to the
fabrication of integrated circuit devices, and nore particul arly, 2tgSBP 2004
met hod and structure for creating a high Q helix coil inductor that can
readily be created for Conplenentary Metal Oxide Sem conductors (CMOS) for
both Very Large Scal e |'IEGRATEDMELVK SIQTIamiblidtorackaggacogal e | ntegration
~.(ULSI') technol ogies. (2) Description of the Prior Art Mdern semn conductor
t echnol ogy requires the creation of high performance seni conductor devices
that are produced at conpetitive prices. A direct result of these
requirenents is that device HEFSRPYVRAMRT THE efNVERFIQ® packagi ng density
continue to increase fromwhich directly follows the requirement that the
surface area or space that is available on the surface of a sem conductor

substrate is{f)a_rﬁg%bgfa%gclat ed. and maximzed in its use. Wile the

maj ority of sem conductor devices Pelate to the field of di gital data

processing, el echhonifof kL ShlLh Y e an ot cRe 52008 VST L hel §gp e di vided
I ; . t
into two broad fields. One fi efwL Fhion of integrated

circuit devices, and more particularly, to a method and structure

for creating a high Q helix coil inductor that can readily'be

created for Complementary Metal Oxide Semiconductors {CMOS) for

both Very Large Scale Integration (VLSI) and Ultra Large Scale

Integration (ULSI) technologies.

{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 regquirements is that
device density-and inter-device packaging density continue to
increase from-which directly follows the reguirement that the
surface area or'space that is available on the surface of a

semiconductor substrate is carefully allocated and maximized in

its use.

While the majority of semiconductor devices relate to the

field of digital data precessing, electronic circuitry can




addresses digital processing while the second field addresses the
mani pul ati on of analog signals. Digital sem conductor devices have as
function the mani pul ation and storage of digital information. The =g SEP 2004
functions of analog electronic circuitry have in previous years typically
been handl ed by separate conponents such as relatively |large capacitors or
relatively large inductors. The separate conponents may have been applied

in conbination with digital processing capabilities, whereby however a

signi fi caRberPRE1dN of dt beaddinGldonab hrgleneatasi ahdasebaen realized by
the wuse of for instance capacitive and inductive conponents in addition

to and fupetibonal |y faekhapesadd NiGgWvhblé Nevdisgbal fOmPeRARESse £ iRl t
requi renents that are inposed on conponents that are required for anal og

processi R@nhApueat bl E RAsiod idlidned s. t Begi tHiegeal Eomnft csueBvecosponent s
into typical sem conductor integrated circuit devices. Mdern nobile

CONMMUNI Cafalv@Na 8PPl @AlnOBSe CRAH BRulakouf dand rpaa e hbPheifgieguency equi pnent .
Wth the continued i nprovenents in the performnce characteristics of this
equi pnrentinfeomnht ived Thenghast Sond ldf beapd@cacdconosivaldirsiudergf héhe in
‘equi pnent, | ow power consunption, increased frequency applications and | ow
noi se | eyeksiolenyecadiugbocaley iees beedUuseody Bephraife elahprohenbdbdi $uch
comuni cation for the creation of Radio Frequency (RF) . 2 6 SEP 2004
anpl i fi eras. rAlabjorlycdrporenipafi @risy pi ced L:RE vaikpl 147ey lrglugtors. 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 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 components into typical semiconductor

integrated circuit devices.

Modern mobile communication applications center around
compact high-frequency equipment. With the continued improvements
in the performance characteristics of this equipment, continued
emphasis will be placed on small size of the equipment, low power
consumption, increased frequency applications and low noise
levels. Semiconductor devices are used in the field of mobile

communication for the creation of Radio Freguency {(RF)




tuned circuit that contains inductive and capacitive conponents. The tuned
chrcuit has as electrical characteristic that, dependent on and dete rgggg it
by the values of its inductive and capacitive conponents, can forma 200
i npedance that is frequency dependent, which enables the tuned circuit to
either forma high or a |low inpedance for signals of a certain frequency.

In this manner the tuned circuit can either reject or pass and further
anplify conponents of an anal og signal based on the frequency of that
conponent. The tuned circuit can therefore be used as a filter to filter

out or renp?EPSIiPAISs Bfmakan giompppeguertiaesypical RE emplefhei sies far om a
circuit configuration that is ainmed at nmanipulating analog signals. The
tuned cir cuFtPRAFigicydt behafs epntadns ofndurtiivghaed ectpaicdali ve npedaneatby

using the LC resonance of the circuit and to thereby counteract the effect

of parasiti € caPEci caneest thagt agr elpaniceft gheracustistThetset f-r esonance
that is caysed by the parasitic capacitance between the (spiral) inductor
and the und®FP$A9FE EsARsTHREERTTANEd (RY thise vadeepfoft Has indectiors abdhi gh
frequencies,_ One .qof the ke% conponents that is applied in creating high

frequency andi oy ¢&fi € r dEFR B @1t REPEIRARS Ghathas feavencpart of
a LC resonapce cjrcuit,., The Kk chal l enge in the creation of the inductor
) T, 5% e 4$n% ch e gge e J i t T i
is to mininmZe The sulEde SBPAEASE nbRe i'dhedq6i Fe B3 trs eSEPeD 0t or hidie
mnimze the Sufface area that® (s HeqlifFed 3 726 =
creation o e .l cto 11l_e mal ntal ni a ni val ue
oftg lo% gmpe ance for signéﬁs o@ga cerégiégfrequency. In this
mannexr the tuned circuit can either reject or pass and further
amplify components of an analog signal based on the frequency of
.that component. The tuned circuit can therefore be used as a
filter to filter out or remove signals of certain frequencies or
to remove noise from a circuit configuration that is aimed at
manipulating analog signals. The tuned circuit can also be used
to form a high electrical impedance by using the LC resonance of
the circuit and to thereby counteract the effect of parasitic
capacitances that are part of a circuit. The self-resonance that
is caused by the parasitic capacitance between the {spiral}

inductor and the underlying substrate will 1limit the use of the

inductor at high frequencies.

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

of the inductor is to minimize the surface area that is required




for the inductor. Conventional inductors that are created on the surface
of a substrate are of a spiral shape, whereby the spiral 1is created

plane that is parallel with the plane of the surface of the subst r ated

3B 200

Conventional nethods that are used to create the inductpr on the surface
of .a substrate suffer several Iimtations. Mdst high Qinductors formpart

of -a hybrid device

Crcuits
which is
Crcuit

nonolithic substrate of circuitry that is ained at thé function o

configuration or of Mnolithic Mcrowave I|ntegrated

(M C s) or are created as discrete conponents, the creation of
not readily integratable into a typical process of Integrated

Meonf ot WriedioByo£ Ml Rhageide Jiigat holh O ARG Sef] ’Ejjlér%]fl%

anal og

data nmani pot atlieoonnandtanalagvdatdosd PragRcbth e furctions.fon dhgital
data mani pul ati on and digital data storage, a nunber of significant

advant agesuefa-eacifi evedbstSuck advast agepirAt! kled Nenekegdyction 9t .1

manuf acturing costs and the reduction of power

consunption by the conbined,

functi onsis TaresgachineguiYead thaducs ipteavabues: HiorcRapt sl & @Rpl i cations,
s can be of significant physical size and can therefore require a

si gni fi casurfasier pdcehar ebsifrathe cemieandual OfictfEt kabe. ad® Jdeli kot hi s

i nduct or

i npact

of space requirenent, inductors are typically forned on the

surface ofreptsulsber abdudipraogpihal sfrfame dhea spivslrater sudfed RRv4,-16 SEP
2004 i nductor however results in parasitic capacitances between the

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 is not readily integratable into a typical process of

Integrated Circuit manufacturing.

By combining the creation on one semiconductor monolithic
substrate of circuitry that is aimed at the function of analog
data manipulation and analog data storage with the functions of
digital data manipulation and digital data storage, a number of
significant advantages are achieved. Such advantages include the
reduction of manufacturing costs and the {eduction of power
consumption by the combined functions. To reach required
inductive 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 requirement, inductors are typically formed on the

surface of a substrate in a spiral form. The spiral form of the



i r wiring and the underlying substrate, due to the physical size of
;Eguicaguctor. 'gll'hese parasitic capacitances have a serious negative gfaféaé:g 2004
on the functionality of the created LC circuit by sharply reduci nlg - y
resonance frequency of the tuned circuit of the application. Wdely !Jset e
in the industry to describe the applicability of a created mdu_ctgr is ti
Quality (Q factor of the inductor. The quality factor Qof an in uc:joy IS
defined as follows: Q= ES/E1 wherein Es is the energy that is stored in

t he react ine€u@ast hoReves ﬂé&%l@@@ﬂf}%ﬁas%iibeﬁgﬁ%%;éﬁé:‘c%ﬁﬁegg‘g%ﬁP t is |ost

i i i h nent. T U €of the
in the reactive portion of the compo .

eShi hes zero
tin@iheccel @seing hehd esbsthyer Malde saf,s L hg conpanent . appr oac
\(/:\ﬁin})gnt?ﬂepa) fact or ofm% he conponent égglréggch%s i Nt Yo The p%’@ﬁﬁf?@

L oo i iqual | : [ iated with
factor fosizo tént sndlidtar.sthesamghsiqual Liyadhat, Ly RASSOC LI oh
f-?lters or resonators. For components, the quality factor serves as a

asure okeqdtdveuriffyct o tthe FeactanGa iyl of NensuseaPLaNGe) 9l ey,
ggnponent, whi gﬁ can be degraded due to parasitics. In an act uaFL

oL o oy "I e LS e S by
q:JZI i ltoy éffgétima,t@hs di men;i onl ess. A Q value of greater than 100 is
consi dered very high for discrete inductors that are nounted on 5 6 SEP
2004 the surface of Printed Grcuit Boards. For inductors that form
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 component while El is the energy that is lost in the

reactive portion of the component. The higher the gquality of the

component, the closer the resistive value of the component

approaches zero while the Q factor of the comporient approaches

infinity. The quality factor for components differs from the

quality that is associated with filters or resonators. For

components, the quality factor serves as a measure of the purity

of the reactance (or the susceptance}) of the component, which can

be degraded due to parasitics. In an actual configuration, there

are always some physical resistors that will dissipate power,

thereby decreasing the power that can be recovered. The quality

factor Q is dimensionless. A Q value of greater than 100 is

considered very high for discrete inductors that are mounted on



part of an integrated circuit, the Qvalue is typically in the range

ket ween about 3 and 10. in creating an inductor on a nonolithic substrate

on which additional seni conductor devices are created, the parasiti g SEP 2004
capaci tances that occur as part of this creation |imt to less than 5 the
quality factor that can be achieved for the inductor using the

conventional silicon process. This |[imtation is, for many applications,

not acceptabl e. Dependent on the frequency at which the LC circuit is

desi gned £, %%99@& or BrARkEECAM AW ¢ hsaaggé V@Jr“%%dQEtSJs@'ﬂﬁé{: frgghor, such
as for instance 100 or nore, nust be available. Prior Art has in this been

limted 0, Cly %aghngn%@&ﬂé%%d%%mer cHdab \;é/ldc@-citsoﬁz§p§§a§f§paﬂhattﬁeum ts,

and in integrating these separate units with the surroundi'ng device

functions.; U $RG88L eSHhte zadyani@ges that can be obtained when using the
nmonol i thic construction of creating both the inductor and the surrounding

devi ces on one and the sanme sem conductor substrate. The non-nonolithic
approach al so has the disadvantage that additional wiring is required to

i nterconnect trhecgdlticprponantstsf doha asseminic thesebycagal RuhiBhr oduci ng
additional parasitic capacitances and resistive | osses over the

i nt er connaeditignalr &g aelavekkr &oridmnyrefctdraapplkheapionsicalce the RF

anplifier, such as portable battery powered applications, 6 6 SEP 2004

power consapgitiitances €hata opeen asnmnd ofisthiderefaaienbkiabt [tavlass
than 5 the quality factor that can be achieved for the inductor
using the conventional silicon process. This limitation is, for
many applications, not acceptable. Dependent on the freguency at
which the LC circuit is designed to resonate, significantly
larger values of quality factor, such as for instance 100 oxr
more, must be available. Prior Art has in this been limited to
creating values of higher guality factors as separate units, and
in integrating these separate units with the surrounding device
functions. This negates the advantages that can be obtained when
using the monolithic construction of creating both the inductor
and the surrounding devices on one and the same semiconductor
substrate. The non-monolithic apprecach also has the disadvantage
that additional wiring is required to interconnect the sub-
components of the assembly, thereby again introducing additicnal
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,



possi ble. By raising the power consunption, the effects of parasitic
capacitances and resistive power |oss can be partially conpensated but
there are limtations to even this approach. These problens take oageyem 2004
greater urgency-with the rapid expansion of wreless applications such as
portabl e tel ephones and the like. Wreless communications is a rapidly
expanding nmarket, where the integration of RF integrated circuits i s one
of - the npst inportant challenges. One of the approaches is to

si gni fi caRtY§i SABELIPhelF PéqBeRESMDIT Gper mbsbntHearefforei Mstanaew hhe

range of 10 tq3100 GHz. . For such high frequencies, the values of the

qual ity fBREHT Wbt BV nEH 3 PmtEel Pever essdrbhilort othe aféectsd gri fi cant |y

degraded.pg§gsfgplications in this frequency range, nonolithic inductors
have been®tesearch&aPusH iy S6enarat Fefistdivei Bevensl dsive chaskee frorttihéler eat i on

of ,the ing S., Such nolithic, inductors have for instance been created
usi ng sap%ﬁﬁéﬂfﬁgFg As HE'E BaSeliMHeddopadbe toten kake apworshder ably

| ower parggidd citance than their silicon counterparts and therefore
provi de h?ig er%rrégg%néshc%a r SJuBRTY TIFRE PEIITcHith thherapildowever nore

conpl ex d 1,0 re.required, the need still exists to create
inductorggﬁifﬁgkgi ?S%ﬁ%gfgg g gﬁ?@ﬁﬁ??sFBPcTHﬁ%@oéﬁﬁPl%dFﬂéﬁ@Pn?ﬁe

approach o4 usicng; ge bas, rial ather than silicon has proven to be too
cunber sone whi | e for Eﬁ%%fgg%ge& WSS AR dt UM FaPithe wmaadieg of

sem condugd:¥et! Whgresﬁ:%ezqgéegration of RF integrated circuits is one of
the most important challenges. One of the appreoaches is to
significantly increase the frequency of operation to for instance
the range of 10 to 100 GHz. For éuch high frequencies, the values
of the quality factor obtained from silicon-based inductors are
significantly‘degraded. For applications in this frequency range,
monoliithic inductors have been researched using other than
silicon as the base for the creation of the inducters. Such
monolithic inductors have for instance been created using
sapphire or GaAs as a base. These inductors have a considerably
lower parasitic capacitance than their silicon counterparts and
therefore provide higher resonance frequency of the LC circuit.
Where however more complex applications are reqguired, the need
still exists to create inductors using silicon as a substrate.
For those applications, the épproach of using a base material
other than silicon has proven to be too cumbersome while for

1nstance GaAs as a medium for the creation of semiconductor



devices is as yet a technical challenge that needs to be addressed. The

i ncorporation of RF inductors w thout sacrificing device perfornmance due
to substrate | osses has been extensively researched in recent years. Sone
of the techni ques that have been wused for this approach include: --8K8&P 2004
sel ective renoving (by etching) of the silicon underneath the inductor
(usi ng nethods of mcro-machining) thereby renoving substrate parasitic
effects - using nultiple |ayers of metal (such as alum num interconnects
or of copper damascene interconnects - using a high resistivity silicon
subst r at e RéFedyly edudPhga Fegintdalechabbegs fhehenstdd donbsubstrate,

since resistive substrate |osses forma dom nant factor in determning the
Q val ue &A9%PFFedn inductors - using nmetals that are particularly
adaptable to the process of the formation of inductors, a concern is
thereby however raised by the use of AlICu (a netal that is frequently used

in senm conductor netalllzat|o§2 since Al Cu has higher resistivit t han
gol'd (Au) met af P ZRFSROEALLCR q=@§d&8ﬂ??§f”ﬁé§ﬂtpﬁ %%ﬁﬁ?rﬁﬁéﬁﬁﬁgl%% Ge

I b d d th.a I t 8 6 .SEP 2004 -
meerti ng AHATPOURT S e B BATT eritea BP BUnd n RS B LY

researched in recent years. Some of the techniques that have been

used for this approach include:

- the selective removing (by etching) of the silicon underneath
the inductor {using methods of micrec-machining) thereby
removing substrate parasitic effects

- using multiple layers of metal {such as aluminum)
interconnects or of copper damascene interconneﬁts

- using a high resistivity silicon substrate thereby reducing
resistive losses in the silicon substrate, since resistive
substrate losses form a dominant factor in determining the Q
value of silicon inductors

- using metals that are particularly adaptable to the process of

" the formation of inductors, a concern is thereby however
raised by the use of AlCu (a metal that is frequently used in
sémiconductor metallization) since AlICu has higher resistivity
than gold {(Au) metallization that is frequently used in GaAs
technology

- employing biased wells underneath a spiral conductor




the spiral inductor and the silicon substrate, and - creating an active

i nductive conponent that simulates the electrical properties of an
inductor as it is applied in active circuitry; this approach homev$rsgp 2004
results in high power consunption by the inductor and in noi se peffornance
that is unacceptable for | ow power, high frequency applications. The above
listing of researched alternatives is not neant to be conplete or al

i nconcl usi ve. The above approaches have as comon objectives to: 1)
enhance t he qgg%k%¥néc% val ue of the inductor 2) increase the frequency of
the LC sel f-resonance tnerdfy YRet rdadehgerned fdusuneneyiekmydetveenwhi ch

t he inductoreﬁgnsg§ a gggmAgnd 3),reduce_the surface area that is required
for the creation -6f the T HdUEtPtY e SLhiGeR oTubstrake, iandent i on addr esses
‘the objectiv eé at have been |isted above and provides a nethod for
creating an inductor®t R EaM TEERTYY pempoRayr dbed simwlatmsuthet uring
process for the.greatjon of VLSl and ULST CMOS devices. The nethod of the
i nvention creates a heli xFeorte fulorNdnkieh asadt ap durdredednQ f act or

when conpared L h 4 ctaor. of a typical 9 6 SEP 2004 spiral inductor,
that is created in %gﬁﬁug%%gtréhlﬁ §p55?§$?eW°%ﬁW?ﬁ FREVLLH fidcigh power

substrate. consumption by the inductor and in noise performance that is

unacceptable for low power, high frequency applications.

The above listing of researched alternatives is not meant
to be complete or all inconclusive. 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 creation

. of the inductor.

The inductor of the invention addresses the objectives that
have been listedrabove and provides a method for creating an
inductor thaf can readily be integrated in a manufacturing
process for the creation of VLSI and ULSIT CMOS devices. The
method of the invention creates a helix coil inductor, which has

an improved Q factor when compared with the Q factor of a typical




Fig. la shows a top view of a Prior Art horizontal spiral inductor 25.
Senme of the design paraneters of conductor 25 are highlighted as foll ows:

- 10 is the body of the inductor and contains a conductive material - 11
is one extrenity of the conductive body 10 of the inductor 25 andIibsSEFgplt
conveni ence sake and arbitrarily, referred to as the beginning of the
conductive body 10 of the inductor 25 - 12 is a conductive connector that
connects to the beginning 11 of the conductive body 10 of the inductor 25
- 13 is the opposing extremty of the conductive body 10 of the inductor
25 and wi | $PiF@)r dndveieer 4 ¢has ihecrantest inhe rRlandudhitels bothpldfelt éth
inductor 25 - 14 is a contact via that interconnects netal strip 12 with
the condu€lts vrBeas 4b Wre eHESFAtRtor 25 16 is the spacing between the
spirals of the conductive body 10 of inductor 25 - 18 is the wdth of the
spirals of the conductive body 10 of inductor 25 - 20 is the length of the
| ongest spiral of_ the conductive bod¥ 10 of inductor 25, and 10 6 S E P
2004 - 22 isFthe 1BFICH R TR ESHePI oPTIRF BFtt herasndadt FRerdbdy 10 of

i nduct or 25.
E%ductor 25. Some of the design parameters of conductor 25 are

highlighted as follows:

- 10 is the body‘of the inductor and contains a conductive
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 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 opposing extremity of the conductive bedy 10 of the
inductor 25 and will be referred to as the end of the conductive
body of the inductor 25

- 14 is a contact via that interconnects metal strip 12 with the
conductive body 10 of the inductor 25

~ 16 is the spacing between the spirals of the conductive body
10 of inductor 25

- 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 of inductor 25, and

10



The top view of the Prior Art inductor that is shown in Fig. | is not
shown in order to highlight in extensive detail all the paraneters that
can be associated with such an inductor but nerely serves to poi nt,é)lngPtimgg
essence of the Prior Art inductor, that is: the geonetric shape of*1he

i nductor is that of a spiral the individual sections that nmake up the
spiral of the inductor alternately intersect at an angle of 90 degrees and
have a |l ength and a width and are separated by a spacing the spiral that
forms the inductor ends in twy extremties, the inductor is electrically

i nt er connect €6 t8 §UF r!'oed’i‘?&ihnﬁf the dinery opynbd R ddRneerderttioet hese two
extremti es, a]pdi dturg: bog%/ of the inductor is contained in a plane that is
parallel to t e pq ane®df“the surface of the substrate on which the

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

|l inear segnents that collectively formthe body of the inductor 10, this

hei ght can begdef] L h L ckness.of _the conductive layer that is
deposited on ﬁ%e%@f‘%ae%zotgf 9?%215%] Sstrat &° %?t‘f%é:%af:oiﬁa?l??ﬂ? of fhe 1

i nduct or. u he,indugtor. is 11 S SEP 2004 the surface of
the i nduct%)-irae?Af\%’;)t\t@%:bg'ﬁpia{1 Zﬁedé(}f tt% ﬁh%hglﬂ%?taclél Sf(%e?%vesﬁil%f‘?ét%“aﬁﬁ‘et hat is

ol osest t opt AtnliirkatRaOfcdBe SUBSLIAIS: AR YRAST.SYLLASE, o e T nductor

merely serves to point out the essence of the Prior Art inductor,

that is:

- the geometric shape of the inductor is that of a spiral

- the individual sections that make up the spiral of the
inductor alternately intersect at an angle bf 90 degrees and
‘have a length and a width and are separated by a spacing

- the spiral that forms the inductor ends in two extremities,
the inductor is electrically interconnected to surrounding
circuitry by being connected to these two extremities, and

- 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.

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 substrate for the

formation of the inductor. The lower surface of the inductor is

1i



the inductor that is parallel to the surface of the substrate and that is
furthest renoved fromthe surface of the substrate. The distance between

t he upper surface and the | ower surface of the inductor as nmeasured in a
direction that is perpendicular to the plane of the substrate is=tgh8EP 2004
hei ght of the inductor. A cross section of the inductor that is taken in a
pl ane between the upper and the | ower surface of the inductor shows the
geonetric shape of the inductor, which is the shape of a spiral. The

hei ght ofhd Barifadecédriief iRBLOtoArthaits iesserdlilalll yot tiee SAmfaakong t he
spiral of the inductor. US 5,936,298 (Capocelli) teaches a Helix coil. The
pat ent dogs poabsappearard tbhai 13 aMwiseer centler svadius. of)SHe 576, 680 (Li ng)
shows helix coil with a core. US 5,884,990 (Burghartz et al.), US 6,008,102
(Al ford etutsdtrptelSchy 8@beld33duffms) cfndh&Sidd A5 i54tiShivelfdeshbw vari ous
coils helix coils and cores. 12 6 SEP 2004 SUMVARY OF THE | NVENTI ON A

pri nci pl etlgbjiagicber ofhathd si pgemiiadn ticsthe sywEice afi thadugistrada aié
surface of a silicon substrate that has inproved Q factor when conpared
with the gpitrds ifndtleesir nefrovedviermm dhel sudbsigef Ahet hrerstotsitect Thre of t he

invention is to create an inductor on the surface of a silicon substrate
t hat prowligdgnkeghefween the upper surface and the lower surface of the

inductor as measured in a direction that is perpendicular to the
plane of the substrate is the height of the inductor. A cross
section of the inductor that is taken in a plane between the
upper and the lower surface of the inductor shows the gecmetric
shape of the inductor, which is the shape of a spiral. The height
of the inductor of Prior Art is essentially the same along the

spiral of the inductor.

Us 5,936,288 (Capocelli) teaches a Helix coil. The patent

does not appear to ciaim a wider center radius.
Us 5,576,680 (Ling) shows helix ceil with a core.
US 5,884,990 (Burghartz et al.), US 6,008,102 (Alford et

al.), Us 5,831,331 {(Lee) and US 3,614,5,54 {Shield) show wvarious

coils helix coils and cores.
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i nductive val ues when conpared wth the spiral inductor of conventional
desi gn: Anot her objective of the invention is to create an inductor on the
surface of a silicon substrate that requires a smaller silicon surface
area for its inplenmentati on when conpared with the spiral inductg SEf a4
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 inproved Q factor and hi gher inductive values and a
smal Ler silicon surface area for its inplenmentation in higher frequency
appl i cations when conpared wi t¥IMMRYsHFr BFE INVERETON of conventional design
i n higher frequency applications. 13 6 SEP 2004 In accordance with the

obj ectives of the invention a new structure is provided for the creation
of an inductor Qn the surface of a silicon sem conductor substrate. The

i nductor is of “hBFt5CEdE CPWRet By athéhpl Ameensfionr éFote sweetticonnof t he

i nduct or tir}]%t q:eflect the helix coil design of the inductor is parallel
to the plane Of Phe®tiddér FYFATCS ubstdr sldicomduipatatei Ekat hasbanbnevtd of

t he inventgﬁr},ac%he ‘ghei ght of the helix coil that is created on the surface
of a silicon SUbST it CEMBAFTOr i thukder sP el dacssicenwbdiongentdénahe

i nvention tcg%.hei ght of the helix coil of the inductor of the invention is
al so uni formbdt-a ferromagnetic core is inserted between the upper and

t he | ower

Another cbjective of the invention is to create an inductor
on the surface of a silicon substrate that provides higher
inductive values when compared with the spiral inductor of

conventional design.

Another objective of the invention is to create an inductor
on the surface of a silicon substrate that reguires a smaller
silicon surface area for its implementation when compared with

the spiral inductor of conventional design.

Another objective of the invention is to create an inductor
on the surface of a silicon substrate that extends and maintains
its characteristics of improved Q 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 freguency applications.
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conductors of the helix coil. Under the third enbodi nent of the invention,
the height of the helix coil that is created on the surface of a silicon
substrate is non-uniform Under the fourth enbodinent of the invention the
hei ght of the helix coil of the inductor of the invention is nor_r?usigﬁvomm
while a ferromagnetic core is inserted between the upper and the | ower
conductors of the helix coil. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1
shows -a top view of a Prior Art horizontal spiral conductor. 14 6 SEP 2004
Fig. 2 addresses the helix coil inductor of the first enbodi nent of the

i nventi on t hat Insesamphoe nwifdy ttheabbl ¢eitisiesorfiethe condmétor dcigpht, as
follow. Fig. 2a is an extended three-di nensional view of the helix coi

i nduct or &kreaeutvienpirenided Hox Ghef oreatian Péapn indusitesnadcE®onduct or
height. Fig. 2b shows an X-X cross section of the helix coil inductor of
the i nventHER2GF (A @ GAMEBPH SAEHCPRAPCEOR sRshRBES - Tndael6FoRetYIME . Fi g.
2c shows an_Y-Y' cross section of the helix coil inductor _ of the i nvention
with a uniPfoih SRl CRPTPRY erfitomtate OEdﬁdﬂﬁﬁérsﬁ%Ftﬂﬂ CfFitge SEHRK a top

V|em10f the helix coil inductor of the
that reflects the helix coil desmgn of the inductor is parallel

to the plane of the underlying substrate. Under the first
embodiment of the invention, the height of the helix coil that is
created on the surface of a silicon substrate is uniform. Under
the second embodiment of the invention the height of the helix
¢oil of the inductor of the invention is alsc 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 that is created on the
surface of a silieon substrate is non-uniform. Under the fourth
embodiment of the invention the height of the helix coil of the
inductor of the invention is ncon-uniform while a ferromagnetic
core is inserted between the upper and.the lower conductors of

the helix coil.

BRIEF DESCRIPTION OF THE DRAWINGS

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

conductor.
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invention with a uniformvertical interconnect conductor height. Fig. 2e
shows & top view of the geonetric centers of a sanpling of top | eve
conductors of the helix coil of the invention. 15 6 SEP 2004 Fig. 2f shows
a top view of the geonetric centers of a sanpling of bottoml|eve
conductors of the helix coil of the invention. Fig. 3 addresses gg @@@Ex
coi | inductor of the second enbodinent of the invention that useb ﬁ
conductor hei ght whereby furthernore ferromagnetic material is
incorporated, as follow Fig. 3a is an extended three-dinensional view of
the helix <coil inductor of the invention with a uniformvertical

i nt erconnect conductor hei ght whereby ferronagnetic nmaterial is

i ncor por at ed. Higy. 23bdéhmveesamhX- Bélicr gsd 1séntinorpofoft hbe h&list coi |

i nductor of the invention with a uniformvertical interconnect conductor
hei ght wheriedjineertr ofraginetiroemtiter i Elati sisenconpbrmt egrtEcgl 3c shows an
Y-Y' cross section of the helix coil inductor of the invention with a

uni f or m véntéxainnegt econiurdsts hebplductagy fleélght whereby ferromagnetic
material is incorporated. 16 - 6 S E P 2004

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

interconnect conductor height.

Fig. 2b shows an X-X’ cross section of the helix coil
inductor of the invention with a uniform wvertical interconnect

conductor height..

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 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 the

invention.
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Fig. 3d shows a top view of the helix coil inductor of the invention with
a- uni formvertical interconnect conductor height whereby ferromagnetic
material is incorporated. Fig. 4 addresses the helix coil inductor of the
third enbodinent of the invention that uses non-uniformvertical =g SEP 2004
i nterconnect conductor height, as follow Fig. 4a is an extended

t hree-di nensional view of the helix coil inductor of the invention with a
non-uni formvertical interconnect conductor height. Fig. 4b shows an X-X
cross section of the helix coil inductor of the invention with a

non-uni f orm veritg .cak sh r e 0 tor hei . Fig. 4c shows an
Y-Y' cross secf%gn ofstﬁggﬁgQgg g%?f Q@ gﬁb?%?m% théepﬁﬁéﬁt?%ﬁimﬁth a

non- uni f osamyEIrg &l bot ¥dENGIANELE Gl QL 5 addresses the
helix coil inductor of the fourth %ﬂ g]n%nt J?QFﬂéx géﬁt?%ﬁijat uses

non- uni f oimveseritom¢cal i nterconnect conductor hei ght whereby ferromagnetic
material is incorporated, as follow 17 6 SEP 2004 Fig. 5a is an extended

t hr ee-di mensi onal view of the helix coil inductor of the invention with a
non-uni formvertical interconnect conductor height whereby ferromagnetic

material is IMQOr poidiRGses the helix coil inductor of the second
embodiment of the invention that uses uniform conductor height

whereby furthermore ferromagnetic material is incorporated, as

follow:

Fig. 3a is an extended three-dimensional view of the helix

coil indugtor of the invention with a uniform vertical

interconnect conductor height whereby ferromagnetic material is

incorporated.

Fig. 3b shows an X-X’ cross section of the helix coil
inductor of the invention with a uniform vertical interconnect

conductor height whereby ferromagnetic material is incorporated.
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.,
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Fig. 5b shows an X-X cross section of the helix coil inductor of the
invention with a non-uniformvertical interconnect conductor height
whereby ferronmagnetic material is incorporated. Fig. 5c shows an Y-Y

cross section of the helix coil inductor of the invention with a, gep 2004
non-uni formvertical interconnect conductor hei ght whereby ferroﬁagnetlc
material is incorporated. Fig. 6 shows a graphic depiction of the Q factor
as a function of frequency for a conventional spiral inductor and for the
helix coil inductor of the invention. Fig. 7_shows a graphic depiction of
the Q factor 5894 3% §HEYFoh WP F’ﬁ@lju%ﬁc@h? dreligecsht r%d‘ﬁcﬁﬂﬁc?%rt}kﬁ t he
invention wth and wthout the incor oratlon of ferromagnetic material in

the hel i ¥PEBRHPhdtidtor. MBI ETSER D662 DESCRETPeR: &° CPRERE

EMBODI MENTS The structure of the inyeption will be highlighted by
concent r ¥PPRGPBHN THETGEBRELT M ARG st FuCHFFPCdaEaT 1 s of the creation of
the i nductor of the invention. Processing conditions that are required to
i npl ement t hese structural details will not be highlighted for reasons of

sinplicity. Anong these roce steps are ste f dep iting |layers of
dielectric anttr¥hé Fg?%ﬁ gléfcﬂgﬁblﬁﬁu558ﬁ %ﬁ*ﬂﬁht hESe layers of

dleleCtrI%&odlment of the invention that uses non-uniform vertical

interconnect conductor height, as follow:

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

interconnect conductor height.

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

interconnect conductoer height.

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

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 ferromagnetic material is

inceorporated, as follow:
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wher eby these openings are aligned with underlying patterns. To include

t hese processing steps in the description of the inventions would require
the entry of conditions of deposition, patterning and etching that would
make the current docunent unnecessarily cunbersone. The key conq?§%PQ%&
key reason that causes the design of helix coil inductor to prov
significantly inproved performance as an inductor, inprovenents that have
al ready been highlighted under the objective of t he invention, wll 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 inducto trat gs £he
surface of thgl%ndﬁTPflﬁg %?T?Qé%? tg g ﬁ%nﬁn 10n§& Gl?p%ﬁﬁcatlon and
constructign. ' This penetration of the net i +2004 field of the
i nduct or GotloPHiRe §7F‘lﬁg”§velnt&8ﬁ gubst ra'ftO% %(%ag%%gsgargm glﬂcant
resistive | osses that restrlct ar . reduce .t h { +@an,be; obt ai ned
for the iMFGECBRISFE &ﬂﬁ’\%ﬁf?’bﬁ%ﬁl ah esﬁembyl'h e g}s{llgéﬁg% 4 the ?n@en’h on,

whi ch uses a helix coil for =~ geonetry for t he body of the i nduct or,

provi des AFRAGEEST that has a wider coil radius at the center of the
coil which maximizes the intensity of the el ectromagnetic field in that

area. In addition, the electromagnetic field of the invention is

Fig. 5b shows an X-X’ cross section of the helix coil
inductor of the invention with a non-uniform vertical
interconnect conductor height whereby ferromagnetic material is

incorpeorated.

Fig. 5¢ shows an Y-Y' cross section of the helix coil
inductor of the invention with a non-uniform vertical
interconnect conductor height whereby ferromagnetic material is

incorporated.

. Fig. 6 shows a graphic depiction of the Q factor as a
function of frequency for a conventional spiral inductor and for

the helix coil inductor of the invention.

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.
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essentially horizontal and above the surface of the substrate, which
stgnificantly reduced the resistive losses that are incurred by the
i nductor in the surface of the inductor. The increased strength OEH%EQ&W#

el ectromagnetic field at the center of the body of the inductor e

with the horizontal orientation of the electromagnetic field of the

i nductor |eads to increased inductive value of the conponent and increased
Q value of the inductor. In view of the above, and considering that

i h i i itating towards
Chereased use. of hi orE e eadOl 6k Has MK EERIGR R ANENY L 00 oot hed with

the convergence of conmputer, consumer and communication based .
technol ogies, it is expected that the inductor of the invention will exert

t . . .
a sianifToant bl 14e0ee, pD SULSENL. Brgadhand degl gns, and agRly cat fons. I n

addition, for t era of deep-subm cron

wiih the uSEeOleCONRGT of Ofnd NLBRERPIECL ] ING8 . LIE ddygLor Of the

i nvention provi or significant "I nprovemen

inductor whilei dl Yrekpel r itoxeoq_za{ﬁlfsin%aén Qgﬁgbf_graoi %%tdsé?lfg é‘?‘?&t egggurface

areas that are required fo e creation™© i"hdu

advapces_tﬁagi%Q¥4%h@9§§dréﬂﬂ&hBﬁQQeX@Jﬁﬁgég s@kggkggéT] GRSLEs égll not

appl i cations.
be highlighted for reasons of simplicity. Among these processing
steps are steps of depositing layers of dielectric and the
patterning and etching of openings in these layers of dielectric
whereby these openings 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 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 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,rthe electromagnetic field of the inductor
penetrates the surface of the underlying silicon substrate due to

its location and construction. This penetration of the magnetic
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Fig. 2 addresses a helix coil inductor of the first enbodi nent of the

i Aventton that uses uniform conductor height, as follow Fig. 2ais an

ext ended t hree-di nmensional view of the helix coil inductor of the
invention with a uniformconductor height. in order to facilitate th@sgp 2004
foll owi ng discussions, the famliar concept of three-dinmensional Cartesian
coordinates is briefly discussed with an enphasis on how t hese coordi nates
will be used for the subject discussion. The Cartesian coordi nates as

used herein have three axis, the X, Y and Z axis whereby the angle between

each of theiditr ee aié Siigrbbe: tdahd WRaaxi fils S%Qicgﬁg%lﬁ%%ra-gge X and Y
axis are in a plane that is parallel with the surface of the substrate on

whi ch the dalest @hgid ficdhe B9l Rtie hRGsdsaXh s 15 skRSEET OF 6 peRepdl qul ar
to the plane of the 21 6 SEP 2004 ghbstfa?e. The Fhree aﬁ%s ofcthgggqy

Cart esi an €0@edicRat eSard HeLbBEIned FNEnROL MuctMl O Lenvansidered the
geonetric center of the Cartesian coordinates. Referring now specifically

to Fig. 2aediererhs shawh ar Lhe ol eBs! ORAl crexRarded, Migw gk, thg, hel i x
coil inductor of the invention whereby the height of the Inductor 1Is

uni form i npedmepl@ngot hate bedpasald ihaubbsr plangiaksthe siHface ofad he

substrate on which the inductor is created. The helix coil of the 1 nductor

has bott ormdseweligenduciorsdans dppee LeNelr CONAUEt 0ES) which maximizes
the intensity of the elecﬁromagnetic field in that 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 surface of the inductor. The
increased strength”of the electromagnetic field at the center of
Fhe body of the inductor combined with the horizontal orientation
of the electromagnetic field of the inductor leads to increased

inductive value of the component and increased Q value of the

inductor.

In view of the above, and considering that current trends in
the semiconductor industry are gravitating towards increased use
of high-performance broadband RF applications combined with the
cénvergence 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-subnicron
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both the bottom | evel conductors and the upper |evel conductors run

paral l®l to the plane of the surface of the underlying silicon substrate.
The | ower | evel conductors are connected to the upper |evel conductors E
means of conductor interconnects that run in the Z direction of e’ %%Iiﬁ
i nductor. The helix coil of the inductor of the invention has a | ower
surface and an upper surface. The |ower surface of the helix coil is the
surface of the helix coil that is closest to the surface of the underlying
substrat e whereby the Iomer surface of the helix coil coincides wth the

| ower surface of the C ucko drtong@kt . 1ihes upper
surf ace (Pfrof:ﬁés‘f"%l‘f%?b&b’ Wlt ﬁcehesgl?gagg ¢ p’%&ekgﬁe% coi | thatlls

furthest rempved fromth surfa f %k DQ: suhsir ate whereby the
upper surf&ceénofct e Or‘tfeltﬁx o 952‘1591 p%%g %%%%cm nglhes with the upper

surface of theu er conduct ors .of e Il wiDEe GAIdresi an X and Y
coor di natléf?ré?F’ﬁm ég' é ) tot'E ¢ ﬁ Lﬁtgrcgordl natgta Zis

per pendi cuI ar to th I ane th t ig KAl ¥adXisSsuergby the
|atter plidf&Gtsy 6a¥%‘1{)e51 cf'I hoeb pqgﬁg 0 %ﬁl surface of the substrate. It

is clear fromthe thr | O eMet hatudiSrshewn xS @dvadced hat
the hel i TS (ﬁelqullge‘é\n est at e&c%glntoer of the conductor al ong the Y-axis

and at the point [ I s&bluentiomdhi s  point of
maxi mum vit t‘?‘dé’ﬁagg?o aﬁallﬁ eaflt Eaéra%d|h§']&el(§t| on al ong

applications.

Fig. 2 addresses a helix coil inductor of the first

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 conductor height.

Tn order to facilitate the following discussions, the
familiar concept of three-dimensional Cartesian coordinates is
briefly discussed with an emphasis on how these coordinates will
be used for the subject discussion. The Cartesian coordinates as
used herein have three axis, the X, ¥ and Z axis whereby the
angle between each of the three axis and the other two axis is 90
degrees. The X and Y axis are in a plane that is parallel with
the surface of the substrate on which the inductor will be

formed, the Z axis is therefore perpendicular to the plane of the
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the X-axis, the Y paraneter of the maxi mnum extension of the successive

upper and | ower | evel conductors that formthe helix coil have
progressively smaller values. It is further clear that the upper
conductors of the helix coil intersect the X-axis under an angle tﬁa§ SiEg 2004
90 degrees while the lower |evel 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 cannot be a helix coil. One further

observati oBubst il dee chebalhye be tHle dEfeBech] U6 a0l theheldx coll
I ca

that is showmn in Fig. 2a: the height of the vert I nterconnects bet ween

the upper iangné hvilnewetnt &vels e0RdUSL LS 9 tgggm@@é:'z% C%Q'Eléﬁl ;%Otj@ form 1t

is inmportant to highlight this at this tinme bécause one of

t he enbodi neptssain theriyendd on provides a design where this is not the
case. In Fig. 2a, one of the upper conductors has been highlighted as
conductor 28, one of the |ower |evel inductors has been highlighted as

i nductor 26, one vertical conductor interconnect has been highlighted as

30 whi| e the {\ReidipdhlONpWpeeanlestof Sto gl s NAlHotCOL! shyd e | nduct or
have been highlighted as 22 and 24. It is farther clear fromthe view of

the heliXx edrée afincheiohdlyeipaaBelihdied N WBRCRe] 8Y&l0:028)aa0d,{ Quet Level
(26) conductors have a cross section that is a geonetric rectangle while
the verti cahvémtiem anseshy corRAUELGhs dBDhNINQuA&F OSS 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
 run parallel to the plane of the surface of the underlying
silicon 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 invention has a lower surface and an upper
surface. The lower surface of thé 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 level conductors of the helix
coil. The upper surface of the helix coil is the surface of the

helix coil that is furthest removed from the surface of the

‘underlying substrate whereby the upper surface of the helix coil
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section that is a circle. A helix coil typically has an axis, the axis of
the helix <coil that is shown in Fig. 2a is parallel with the plane of the
under | yi ng sem conductor substrate (not shown in Fig. 1) and runs parallel
with the X-X axis. This axis of the helix coil will typically rumb SEPolidh
the mddle of the coil in the direction X- X shown in Fig. 2a and in a

pl ane that contains the X-X axis and is perpendicular to the surface of

t he underl Lng.gubstrate and between the upper conductors and the | ower
conduct or SPAPTA R YTt TREURPRhSUWFFREE ehirfin aPsrTt pendusiers| efethe
conductorzgéhat 24 8 SEP 2004 is equal to half the height of the vertical

i nt erconn 1¥ofigbtt ors. The process of creating the helix coil conductor
of the invention uses the follow ng steps. The | ower |evel conductors 26
are first fornmed, these conductors may be forned on top of a |ayer of
dielectric thah has_ been deposited on the surface of the underlying

. subBstrate or thB8y TREFATEARof rff di CROFAYIRE REe dnRicrteDfint BesuWsstrat e.
These | ower, Igvel cond%Ftors 26, are forped under a relatively small angle
with the Y29 TB¥Fd OGFAiBaLRI % ofs KerReRi GG t5 5hel BenfedPabs. After the
| ower | evel  conductors hsve been forned, dielectric is deposited over the

surface of THE'TOWEI® Fed8f DI tohdUEEBPE He d3kEPGHRLAMatisi BarRblele dithi ned

val ue of tttflx% EfillggtofOfth%hgu}/Pgéei % tLQt segkg:sotr}%%%t.slgoisancq.ear from the
three dimensional view that is shown in Fig. 2a, that the helix
coll is widest at the center of the conductor along the Y-axis
and at the point where the X and Y-axis intersect. From this
point of maximum width and proceeding in either directioﬁ along
the X-axis, the Y parameter of the maximum extension of the
successive upper and lower level conductors that form the helix
coil have progressively smaller values. It is further clear that
the upper conductors of the helix coil 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 bhut
have an angle of intersect with the X-axis without which a helix
coil 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 interconnects between the
upper and the lower level conductors of the helix coil is

uniform. It is important to highlight this at this time because
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t he thickness of the upper |evel conductors 28. The conventional dual
damascene process then allows for the creation of the vertica

i nterconnects 30 at the same tine that the upper |evel of conductors 28
are created. After this dual damascene process has been conpleted,, the
now conpl eted helix coil of the invention can be covered with a &6 SEP 2004
passivation layer to protect the coil from environnmentally induced danage.
I n perform ng the.dual damascene process, it nmust be noted that the input
and output connections 22/24 for the helix coil are to be sinultaneously
created tRR§ °prehA dMhgdinentreafs the arvessiongpikbe dwed X degiln W& SEP
2004 Proceeding to Fig. 2b, there is shown an X-X cross section of the
hel i x coiFhFﬁdh%ﬂBﬁiGgetﬁ@8¢nvention with a uniform conductor height. The
cross section that is shown in Fig. 2b is taken along the X--X axis (as
if sawng the coil in half along the line of the X-axis that is shown in
Fig. 2a and | ooking at one or the other of the sawed off surfaces) and
therefore does!™ f8-i Adi ceite ofh&heanprdd ernidectengtths bhah exdistignketween
successi ve and adj acent upper and | ower |evel conductors that formthe

hel i x coi PSoforHetondat otne kifghhe ghtwest ilevEil gindirticsORgs Ofedhe upper

| evel conductors 28, one of the |ower |evel conductors 26 and one of the
vertical MMERGhett simhdiernen eive veppéraancodamebr] enetraomduet ors. |t

is understood in Fig. 2b that all cross sections of identical
has been highlighted as 30 while the two input/output connectors

to the helix coil of 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 geonetric rectangle

while the vertical interconnect conductors (30} have a cross

section that is a circle.

A helix coil typically has an axis, the axis of the heli#
coil that is shown in Fig. 2a is parallel with the plane of the
underlying semiconductor substrate (not shown in Fig. 1} and runs
parallel with the X-X’ axis. This axis of the helix coil will
typically run through the middle 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 the surface of the underlying substrate
and between the upper conductors and the lower conductors at a

height above the upper surface of the lower level conductors that
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geonetry that are shown at the sanme |evel as cross section 28 are (the
ot-her) *upper conductors, correspondingly for the | ower |evel conductors 26
and the vertical interconnects 30 of the helix <coil. Further shown in the
cross section that is shown in Fig. 2b is the silicon substrate 05 §rEBMal0%
surface of which the helix coil of the invention is created. The helix
coil of the invention is created in a layer 32 of dielectric that can
contain fog 6 SER,2 in ce oxide. Over the surface of layer 32 of
dielectric aezﬁlSassi vatl%g%hleaéég%a O?fsf tggpggﬁle‘iﬁlf o PhePHSStect i on and
shi el di ngc&{dutctggrgelix coil of the invention. 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 | ower |evel
conductors of the helix coil are highlighted in Fig. 2c together with one
vertical intereoppscdsdetwesn. fhe | nd the upper |evel conductors.
Further highli gh?lgd are itens %@m%gg\éﬁée%ox %Scﬁgg‘g‘b?te%%ﬁ? th&specti vel y
the col | eGliveyi@;i 8R0S f hResl : | _congductors G _the collective
vertical interconnects 30 angyﬁledgg\él%ﬁggt inﬂi\iee 18%gE g?v‘?]h§oﬁ’ﬁlﬁé?:°€%n?cﬁ.lct ors
28 of thexeelrk ¥s€0kd rritlden+},00Ki NG, [ il fromthe Y-Y' cross cut.
For reasons of sinplicity these g‘%ﬁ:g%%i@aef%ee%nﬁ% EHeER A ghl i ght ed
?Q:O?Ieggﬁtag\gber6bydietleclt§i!zlnQﬂLStrf%%dbEQﬁ‘tdéﬁbesitt%’aa!:}lté’heOfsu‘?’:?acgigo?n&eA'o 'S
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 aﬁd 30 degrees. After the lower 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 process then allows for the creation of the
vertical interconnects 30 at the same timé 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 to 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 means of accessing the helix coil.
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by equal cross sections that are shown in Fig. 2c of the same geonetric
configuration and at the sanme (horizontal) level as where 36, 38 and 40
have been highlighted. Fig. 2d shows a top view of the helix coil inductor
of the invention with a uniform conductor height. In Fig. 2d onf\f &k 2004
upper conductor--(28) and one | ower |evel conductor (26) have been cross
hatched (limted to only one for reasons of clarity of the 27 8 SEP 2004 _
top-view that is shown), three vertical .interconnects 30 that interconnect
t he highlighted upper and the | ower |evel conductors (to each other) and
to the i medi atel y adj acent conductors have also been highlighted. The
graphi c di spl ay¥°FRAEIE Eslddn £hr Filgge 268 smppfanakeX’ presentsedtion
facilitate | ater explanations of the structure of the helix coil of the
i nvent i on. °FTH&Y PR&EX sFRMN InAueheh OF HhisedBventorf mgiihes wriefdnmagi nary
center lines that are defined as existing between the sidewalls of the
upper | evefoHE tPaWRE LI reThecBRet tS S 1aRdthMati s ghorn imeFidi-r 8ot ion of

| engt h of tqqgese conductors- As such it is convenient to refer to these
lines as THEN ENGPAWRR XGeondtit clafedfeparinesthsr coifpiy hid gdonvtric
centers of_th _condgct ors. These geonetric center lines can exist in

ei t her thetlﬁapgépeo? tHee PoRgtssthftads shovrt HerFihe 2apped 1asdkide 8k | over

| evel conduncet QLS RL tte hel i x. coi | %f tfhe invention. It is thereby
preferred‘%o refEr % ?ﬁaoﬁeBH%t??V? 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 inductor.

Highlighted in Fig. 2b is one of the upper level conductors
28, one of the lower level conductors 26 and one of the ﬁertical
interconnects 30 between the upper and lower level conductors. It
is understood in Fig. 2b that all cross sections of identical
geometry that are shown at the same level as cross section 28 are
{the other) upper conductors, correspondingly for the lower level
conductors 26 and the vertical interconnects 30 of-the helix

coil.

Further 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. The helix coil of the invention

is created in a layer 32 of dielectric that can contain for
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center of the lower surface of an upper |evel conductor and the geonetric
center~of the upper surface of a |lower |evel conductor. The reason for
this is that these two surfaces face each other and that the vertical
i nterconnect make contact with these surfaces. 28 8 SEP 2004 F_i.g.oﬁ%e @hows
a top view of the geonetric centers of a sanpling of top |evel- uéldr s
28 of the helix coil of the invention. It is noteworthy that the geonetric
centers of the upper |level conductors intersect the X-X axis under an
angl e of ‘BO-UES é’géfiet HateT hBe| dwglte of tarexpierct] dieleevridudt ors, that
is line 61' has_ a point y+ max. and a point y- max. These points are the
poi nt's m%?%sﬁ%glﬁgoir@‘?gé"‘céﬁt@?p%?ltteﬁ’ef\‘?ér e @iroteat épr Atect conductors
30 overl ays. respectively the lower surface of the upper |evel conductor
(28) and rhleelti‘é“ﬁgr Oguﬁ?%@&q%f CPte ode LBV IBhductor (26). Since the
cross section of the wvertical interconnect conductor is a circle, the
geonetric center of the cross section of the vertical interconnect
conductors is ;the,line that gon,nects two geonetric centers of two

k%

different cross séctions 6f erticfsl SEREETR GHndke Rehbu@dd. Further to

be not ed Fig..2e is that.the geonetric centers of the upper |evel
conduct orisrydz}[rgé:oﬁaf)gl ﬁ'ﬁ SR The Uphér “Pég%‘Tm GSRAUEtoF sheighd -ofbeeduced

l'ength for.ganduetof s.4hat arg  further, renmoved fromthe |ongest upper

u

| evel conductor agﬁd that the Upper Tevaprsr Level conductors of’the
helix coil are highlighted in Fig. 2¢ together with one vertical

interconnect between the lower and fhe 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 conductors 28 of the helix coil when looking at
this coil from the Y-Y’ cross cut. For reasons of simplicity
these collective items have been highlighted only once whereby it
is understood that the totality of 36, 38 and 40 is represented
by equal cross sections that are shown in Fig. 2c of the same
geometric configuration and at the same (horizontal) level as

where 36, 38 and 40 have been highlighted.

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 reasons of clarity of the
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conductors extend fromtheir intersect with the X-X axis over equal

| ength<at both sides of this intersect.

t he desi

end poi

To specifically highlight sonme of

[ [ [ been sh for
n aspects of the helix coil, further_detal! has h
one selegted upper level conductor 37'. The line 29' as shown re%&@g%ﬁwg

the 29 6 S E P 2004 geonetric center of the upper |evel conductor 37

nts 33' and 33". The circular cross sections of the vertical

i : ith the | ower surface of the upper
condueto %ﬁga&h‘@&% éﬁ{)‘&é@",;st i3 8??%%%%1 dgtereprneqenér thét t hes

conductor 37' are

circles
31' are

1 ghli

‘tel ricocenter of the vertical interconnects wh
?L ﬁlé:eli-r \‘?Bﬁ{k?ecntg%%tgﬁé%g? L EENEPPE R d5fal pecoflaed gppeucteve

conductoqt%7gachg%H%?)n5§d4t' e %nd 41" are endpoints of geonetric cen
ad]

of lines that are

under Fi

sanpling of bottom l'eve

acent 1o 15 AB"SH a%tat eddaceredanducherdesave pt

1s8f | Gys ; a top view of the geonetric centers of a
3158 beéﬂ(ﬁlg%&lggg%ﬁﬁuctofs of the helix coil of the inventi

i ' " of maxi
The | ower | evel conductors contain two conductorsl60 _and 60" o
| engt h whose geonetric centers intersect the Y-Y axis at the two po

y+ mex.
verti cal

Tt U bonneet S T e B MR A B “LE i ore oY Bes0"

i nterconnects for these

the samepveséntcal tol PAEICANNRCH RS, LG uGLEE Al 1Nt %nggggég}él§¥: ar
connected to

the helix coil of the invention. The lines shown in each of these
two figures are imaginary center lines that are defined as
existiﬁg between the sidewalls of the upper level and lower level
coﬁductors and that run in the direction of length of these
conductors. As such it is convenient to refer to these lines as
the lengthwise geometric center lines or simply the geometric
centers of the conductors. These geometric center lines can exist
in either 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 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.
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i mum | engt h upper |evel conductor 61'. These two points are, in
g?ﬁe?ai/(vlo?gs, thg tvvopBoi nts where the maxi nrum w dth of the upper |evel
conductors matches up with the maxi mumw dth of the |ower |evel
conductors. Further noteworthy in Fig. 2f is that the |ower Ieve!&‘ SEF_> 2004
conductors are not parallel and intersect the X 30 6 S E P 2004 X axis
under an angle that is not constant, that the |ower |evel conductors are

I f -t ha e further. rempved fromthe two
Pongest Tower evel conduer brePegt e agie RhtFhis HEFOURF Tevel

thelty i t e X- axi,
fggsu?tso:]?ﬂ%%qﬁgjlj c{i(@%ngﬁ]&at&hggtéﬁgé? dé(,ags O%f 1;C[J‘ﬁi .seggﬁi &QéLZc?’g ?fl‘?el angl e
bet ween ¢ havehrRali ar o ndhifiofry file And g diiection of he lover

epie n
| evel conductors is the sanme for t owest Feve Etore and 60

i mum angpeequsilell 08kt SnBPLE NGlLs8s [or, lines of geametric
(r:mel;(]!ters tﬁ%? areefurtﬁer rem)vgd from these |neslsofung85n%?r Sefifers 60

. ) . ) 50
0". Bordpides, Otnhi Nafe QbngBOFBLF I LCORLELS, LAt L gyrLound Lines ¢
228‘20", thesﬁﬂangl es are the Sgrre, for ei_ng%ance for Cloinnlé% 9@3 &hdt61 Ly
the angl eibetinee®lt heasli & @fin@Ny+Ofast Nishd bngofﬁl@ J—hﬁgg'.r@?éé%g:o‘%tghe Y-
axis is the sane, as is the case for |lines b2 ang 45", .urt r-shown !nh
Fig. 2f apeettie lpowets|@vele ¢aBdYE6MS5ri4T cendB O tnkhal i NtAr connect wit

the upper level conductor 37" of Fig. 2e. This is highlighted by making

t he end poitm-apfhetheconductors 30 overlays respectively the lower
surface of the upper level conductor (28) and the upper surface
of the lower level conductor (26). Since the cross section of the
vertical interconnect conductor is a circle, the geometric center
of the cross section of the vertical interconnect conductors is
the line that connects two geometric centers of two different

 cross sections of a 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 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.

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
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geonetric centers 43" (between points 33" and 41") and 45 (between point
41' and 33') of lower |evel conductors 47 and 49' the sane points 33" and
33" that have been shown in Fig. 2e. The sidewalls for |ower |evel
conductor 47' have been marked with 51', the sidewalls for | ower ~g8EP 2004
conductor 49' have been marked 31 - 6 S E P 2004 with 53'. The dotted |ines
that are shown in Fig. 2f are the geonetric centers of the upper |evel

conductors that, have grevi ously been shown in Fig. 2e, including the
dotted secPPBRCUFC CRBTSE WL Shies URRFE N 9%l kendpplerr | 3Vel weohneet or  of

maxi mum | ength 6%3 if Fig. 2e. It must further be noted in Fig. 2f that
lines of gBomettic CBAtETs dhet AerToldr drevel Seohidust ofs thhatedriealocat ed

on both s}LgLes cOJnth Iolp est lines 60" and 60" are in pairs of equal

| engt h wher e the r?i?r?ggrg TRXENCPRFFCame thoEhe ebPvnt sppbere eof gibdes of

i nes 60 ﬁgﬁerﬁ%‘re or icpstancg ,the length of line 61' is equal to the

| ength of e L RGN 36 3T igpliphted@mitheocihel¢eigth bhel | ne
45'. This |d cantinue for. a pattern of |lines that contains nore
line than ‘?ﬁﬁeéeg‘;%ﬁrggesp%ﬁlerﬁ:ﬁe?hﬁ% Hes HiSeACSRDWH G 1FeFitgs. oDethend 2f . Fi g.

3 addr esseg, g ;heli Ll inductor. of the invention that wuses uniform
conduct or hei ght lmﬁggg%%/onfn&r# P bt Fer PofmbietiHe 1AResr Foat 4Zpresent

i ncor por ategh Sk SPNStdHGE og@gg the helix coil of the invention that is
shown in the Fgs  3a fﬂrouﬁh ﬁsgevgg conductor 37, The points 417
and 41” are endpoints of geometric centers of lines that are

adjacent to line 37’ that are used in the description under Fig.

2f.

Fig. 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 607
and 60" of maximum length whose geometric 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.interconnects for
these lower level conductors 60’ and 60" are the same vertical
interconnect as the vertical interconnects that are connected té
the maximum length upper level conductor 61’. 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 are not parallel and intersect the X-
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identical to the construction of the helix coil of the invention that has
been shown in Figs. 2a through 2d with the najor and significant
difference that a ferronmagnetic core 42 has been incorporated between the
upper and the lower l|evel inductors of 32 6 SEP 2004 the helix cogl|SEPTie:

comments and highlighted features that apply to the respective draw ngs
are therefore equally applicable between for instance Fig. 2a and Fig. 3a,
Fig. 3b and,Fig. 3b, etc. with the notable exception that each of the Fig.
3a t hrough® 3WEhdREernan i mBrepdhati o wit tdoestent omgnethe Toder 42veki .
3a is an extended three-dinensional view of the helix coil inductor of the
i nvention GPERUSEARSi FER nPE Gifdticesr Lemd it fomhepedycfoarsr aragnetd curgheri al
42 is incorporated. The method to formthe. helix coil of the invention
that has 5%’8 Vescﬁﬁﬁlof“eah‘%vift“f? fergerhghtdc leneer¢aidusebweenct heaupper and

lover |evel otr]gaﬁ%grs of the coil is as follows. The process of creating
the helix coil BUPVeH leneli AoRfHStor susaserdairoiotheint nptstrepst The
ors 26 are first formed, these conductors may be forned

lower |evel, gonducto rst.

on top of & Thyer §F~di B ecOFPE atfittanse bheh tepwsi eedabnitt Hengthface of
t he Underlg(g{}g Si%ﬁgs(tjﬁage. or, they may be formed directly on the surface of
the substrate.” These |'ower ‘PEFEFeCondict 8reloebemechorhedintddrioa of

rel atively,. I, .a e wih the Y-Y  axis, an angel of between about 5 and
30 degr ees?ﬁé,g?t er E%ILSIaon\/?/terthf?egéfe%‘b‘r?dhé’tfo*ﬁgeh]é%r@r level conductors is

the same for the lowest level conductors 60’ and 60” maximum and
equal length, this angle increases for lines of geometric centers
that are further removed from these lines of geometric centers
60’ and 60”. For pairs of lines of geometric centers that
surround lines 60 and 60”, these angles are the same, for
instance for lines 43 andlﬁl', the angle between the direction
‘of this line and the direction of the Y-Y’ axis is the same,.as

is the case for lines 62’ and 457 |

Further shown in Fig. 2f are two lower level conductors 47
and 49’ that interconnect with the upper_levél conductor 37° of
Fig. 2e. This is highlighted by making the end points of the
geometric centers 43’ (between points 33" and 417) and 45¢
{(between point 41’ and 33") of lower level conductors 477 and 49’
the same points 33’ and 33” that have been shown in Fig. 2e. The
sidewalls for lowgr level conductor 47’ have been marked with

51', the sidewalls for lower level conductor 49’ have been marked
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been fornmed, dielectric is deposited over the surface of the |ower |evel
of. conductors to a height that is the conbined value of the height of the
vertical interconnects 30 and the thickness 33 6 SEP 2004 of the upper

| evel conductors 28. A layer of ferromagnetic material is next s.eé gg%l %ﬁﬁ’#ly
deposited whereby this |ayer covers the surface of the dielectri-c®lfaye
into which the Iower I evel conductor have been fornmed while it al so covers

the surfacgi@f sdheqho vel. nduct ors. The ferrqgnagnetic material does
not overlay the surf a\(/:\gét;reglaghP%g i?rhaet V&Pt PRI i 1Tt rifonfiBcize tHhat are

cont ai ned §&dds iWPRER f f e l.ower | evel connector but is bounded
by these g%ometrilc cen%%’lrjs’g.oqiﬁlgruéé:eer fléaergjn‘éﬁrh 1F%ersnhbeF i Bvehas been
deposi t ed, paediangh vohedi ric ks, deposi.ted  over the |ayer of

fer romagneit-’i c materiar tﬁgeh%g%y&ﬁnﬁ%'di%%g fﬁ%gu%ltﬂgf 408 QP'é’ééd oteChar | ofer

| evel condued ars -t hais phtdhud the.lLower regions of the |ayer of
~ferronagnetic nateri al . The goﬁ%gmqunaﬂeﬁﬁmglco 5%&28%& prETEEE’ t hen

al l ows foridgnckeat i pre-iQf othe vertical interconnects 30 at the sane tine
that the upper I|evel of conductors 28 are created. After this dual
damascene process has been conpl eted, the now conpleted helix coil of the
i nvention can be covered with a passivation |layer to protect the coil from

T st be notSd that the nmet atarpary” einngali Bhe S AR RRr F el x
coil are taenhersi 8ulfmNaQuskYievel 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 are located on opposite

sides of lines 60’ and 60”. For instance, the length of line 61'

is egual 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 has 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 is incorporated. The 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 hasrbeen shown in Figs. 2a through 2d with the major and
significant difference that a ferromagnetic core 42 has been

incorporated between the upper and the lower level inductors of
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created thus providing the neans of accessing the helix coil. 34 8 SEP 2004
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. Fig. 3c shows a Y-Y' cross section of the he+pgxsgobiy,

i nductor of the invention with a uniform conductor height whereby
ferromagnetic material 42 is incorporated. Fig. 4 addresses the third

erbod rent et hbel mvent o oD sid SHLALL Enictor el e,

invention that uses vertical 1 nterconne non-u

is in thistol esdatdsgePOvL aflafidghehi-er ee:etfgg,ecgﬁ%@étl;E%%%ggggé%conduct or

28, lower |evel conductor 26 and vertical 1 ntérco t he

upper and bbewdeior @USEasANAUGC! 0bs Jhe #HR N 3RO pI Of5y interest ynder the
tﬁ?rd enbodi ment of t he i%ventign s the'ﬁgtngth o%gthe vertical

i nt er conneett orwiddh katvwesrsihe e&e}éﬁﬁi&?\@at 626), @Pdcﬂeh%%é‘?v% HUPRREIn( 28)

conductors that formthe helix co of the invention. such vertica

i nterconnesd steswdbeer ihi@dghttied a6 dHY &HcOBRSGE- 44 IR El 95 4a. By
eval uating the conparative heights of the other vertical interconnects

that are shown in Fig. 4a it is clear that the height of these
i'nterconnects is not constant but varies between adjacent vertical

i nterconnects vhen proceesh REteRdbdecnreb-ddhbaGib oM Qficwt B gl ine.GQil . The
| oner | evel inductors of the helix coil are
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 ferromagnefic 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 cénductors.may be formed on top of a layer of dielectric

" that has been deposited on the surface of the underlying
substrate or they may be formed diréctly 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 levél 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
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35 6 SEP. 2004 in one plane; the distance between the upper conductors and
the |ower |evel conductors (which is the length of the vertical

i nt erconnects between the upper and the | ower |evel conductors) varies

wi th a maxi num di stance being present in the center of the coprlg $&rr2gjit he
X-X and the Y-Y' axis intersect, fromwhich maxi numthe distance between
upper and | ower | evel conductors of the helix coil decreases in equal

st eps between adjacent conductors of the helix coil when progressing in

ei ther di PECt#oriPPRA tereldicopdniborofza.he Xayer axd Se@bohbg,igld x coil. This
structure of varying distances between adjacent upper and | ower |evel
conduct or T iHe iferest coillecoivehe depeette@nwidifddierns CONGRIN ral s t he

el ectromagnetic field of the helix coil around thé center of the hélix
coi | wher &by THd3cenertisf dintetieti lagiel ihso laGahednungderiieatl the

| ongest q&gﬁ{ | evel conductor of the helix coil and in the cross section
of ‘the hefT3WEPF have heey- formelt ndditlieont wabse ddv@r¥ethd Gl dnkeggonnect s
have a i mym hei ght, whereby the center point is renoved fromthis

| ongest upPer-®¥€sn ‘tlorcopguatelist ahee féhatmdgheaquahat & Nal fiokhe,aver age
hei ght q; %ﬂe vertical interconnects between the upper and the | ower

| evel condidt8¥s B SWaRel axeamifior The Vetightal0tnle vesiiLalk thg{g&gpnnect
is there@%n%gdgrétpod to be the length of a vertical interconnect between
the upper surface Ot HReUPRkrsutdask of ortudiosrrandvéhe:dnpwetosusface of

t he Uppe&sCBBQHgéé”bJ‘%h@@écgéometric centers. After the ferromagnetic
material 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 process then allows for the creation
0f 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 to 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 means of accessing the helix coil
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the vertical interconnect is connected. 36 - 6 S E P 2004 Fig. 4a is an
extended t hree-dinensional view of the helix coil inductor of the
invention with a non-uni form conductor height. The concept of the

di fferent heights of the vertical interconnects between the upi®$ S&Rd2bhe
| ower | evel conductors of the helix coil of the invention is clear from
this expanded view that is shown in Fig. 4a. The nethod of formng the

nel i cot | of e, | ayealan, Kbl 5. barun oL gL ot 412 directon

that is perpendicular to the surface o ing s

fol | ovs. THhaupeosess o sheaking WRahe! Ly £kl condustor, f Lhe Lgyent i on

uses the foll ow ng steps. evel ‘conductors or med,

these condGtenSsREY; D&aEENEL 2N it0RL0f er of dielectric that has
been deposited o% tﬁ% s&rface of ﬁhe nunﬁ%ﬁ?%?%b substrate or they may be

formed directly on the surface of the substrate, These | ower |evel
conductors 26 are forned under a relatively snmall angle with the Y-Y

axis, an angekigl feluean abeuls £:38d 30 degr gesendlier i heshower | evel

conductors have been formed, the bal ance of the process orm ng the
helix coi linkhatot SoShManihfef thn 43 cRr Q0SS i coh BEL SR AL  SEERS Wyher e

each of the steps is controlled by the height of the respective verti cal
i nt er conngetrsohd@ie tNiSmaberidNpizeaeNt 8lorpd-a¥dat in this be remenbered that

an inductor is

Fig. 4 addresses the third embodiment of the invention,
which is a helix c¢oil inductor of the invention that uses
vgrtical interconnects 44 of non-uniform heights. It is in this
respect important to reiterate the concepts of upper conductor
28, lower level cénductor 26 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 coil
of the invention. One such vertical interconnect has been
highlighted as interconnect 44 in Fig. 4a. By evaluating the
comparative heights of the other vertical interconnects that are
shown in Fig. 4a it is clear that the height of these
interconnects is not constant but 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
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37 6 SEP 2004 created with as objective to establish certain electrical

i is it i diately follows that
erformance parameters for the coil. Fromthis it imedi
!tohe physi cal IOdesi gn paraneters for the coil are determned by the expected
el ectrical paraneters of the coil. These physical design paraneters are

many, one of the key paranmeters for the coil that is shown in R §.SEFa2mnd
that1is of interest at this point is the height of the vertical

i tors with the upper |evel
I Kb i A e A
(for the fio word 1SVl Cofulthorly e Rasthoreoyranypny verti ol
VGO E s A U b
i r 1 1 be & i ; en
R AL e Gl st i e
c ctor —rwi-aPh, r

ot her physical design paraneters su as condu i al U§ed
for the mentet @hcagestdiRcSaMBwEOL &ﬂ}%rt WRa HRRE! lle%\éfl cgr?gtgc Cotrosr cSJf28 '
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 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 of the helix coil in the Y-Y’
direction where the vertical interconnects have a maximum height,
whereby the center point is removed from this longest upper
conductor by a distance that is equal to half the average height
of the vertical interconnects between the upper and the lower
level conductors of the helix coil. The height of a vertical
interconnect is thereby understood to be the length of a vertical
interconnect between theAupper surface of the lower level
conductor and the lower surface of the upper conductor to which

the vertical interconnect is connected.
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38 S SEP 2004 Fromthis it becones clear that the above indicated 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 |evel conductors is being created. It
is not unreasonable to suggest that there are N different val ues & BEP t2o@m
height Hv is the wvertical interconnects whereby the value of Hv
increnentally increases froma mninmumvalue (at the extremties of the
coil in the direction of the X-X axis) to a maxi mumvalue (at the point
where the coil  intersects with the Y-Y axis). If it is assunmed that Hvmn
= Hvl is the Fbdest® V3l a8 ofteaechéhgae-dimansdonpbspieant iofe therhe ki
interconnecis,and Hvmax then the first step after the conpletion of the

| over | eV cORGUTH YT §Fi Ehe oinspddrn whth g Sonryybforst chindhet®¥ic over the
| ower IegsL o% conductors, this Ia¥er of dielectric having a thickness
that equdfi9the CoBFeRl i TheuSitherpRlgdietalt s P ERiEs ¥estiehk upper

| evel of gonductors. Before the uggﬁr | evel of conductors and the

ther ewi t APEBRRYTSH VBFEVRYT %t SPEBRn¥T ShCaROBRY chvale FOPANBERTS &fd

out put cQpnectjons 22 an 24 nust be created. For this purpose a first

| ayer ofggﬁe€%$ﬁ§i%?llsoge%%%iﬁﬁﬁ?n%ﬁPEthuﬁgﬁirtﬁFﬁ%rﬁﬂﬁf eﬁEéFd?% Bffal to

t he vertkﬁ% 1%H§E39pgec£i44ga(that is used to connect the 1/0O connectors
to the coi pl us the thi tkness of an upper |level conductor. After this

first layer of dielectric has

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. Thelprocess 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 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
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. 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 remembered that an inductor is
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been deposited, the dual danmascene procedure allows for the 39 8 SEP 2004
sj mul taneous creation of the vertical interconnects 44" (two in nunber)
and 1/0 conductors 22 and 24 (two in nunber). After the 1/0 connects 22/24
have been created, the upper |evel conductors and the thereby=~ige$pmgimg
vertical interconnects can be created again using the dual danmascene
process. A second |layer of dielectric is deposited over the surface of the
first layer of dielectric, the thickness of this second |ayer of

di el ectri crestegquialh @ bbBgestifefot BerimitacorRests Hhlaqd,the thickness
of the upper |evel conductor. The dual damascene process now allows for

the creat ipenfofmide vatbinétérd Moer €ABNESLS. F4om( £RUE 440 i pUADLLY,AaNd the
upper level conductors 281 (two in nunber). These processing steps of

deposi ti ngoalbayerhayf tdbepepdidad @ebidn datdtieeknessot hale icsiequal to the
conbi ned val ue of the height of the vertical interconnect that is to be

cont ai ned dehetiised &jyethe ofxgdteedi e e6trichphbusahdethiszkngss.of: t he upper
"~ level connector that connects the two to be created vertical
i nt er conné&besy piwlilcewedebiort parduatedarmscenryst & ofr ehehkeg the vertical
i nterconnect and the connecting upper |evel conductor are repeated. Wth
the dual ®araseens Soepthdatoilashbeens igmtiweat Rdriferai Aniat thse asswred t hat
as part of this step netal is deposited to fill the created openings and
that this*depeit éd thyerpaint et ahe neyd gdyet bonahé Wwdieipkanari zed. By
repeating these processing

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 26f (for the two lower
level conductors), 28’ (for the two upper level conductors) and
the thereby belonging vertical interconnect 44’ have been
highlighted. some observations are relating to these two sets of
conductors are in order.

1) the lower level conductors 26’ are at this stage of the
process of creating the helix éoil in plaée

2) all four vertical interconnect 44’ are of equal height

3) the two upper level conductors 28’ are of equal length,
and equal thickness, and

4) all other physical design parameters such as conductor
‘width, material used for the conductor are the.samé for the two

upper level conductors 28°.
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steps the point is reached where the |ast upper |evel conductor nust be
cr.eated. This in essence uses the sane procedures that 40 6 SEP 2004 have
been applied for the creation of the preceding upper |evel conductors with
the exception that only two vertical interconnects are created sgtdEronmy

t her eby bel ongi ng upper level conductor, this in accordance mnth t he coi
that is shown 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 feasFitre thdshitebdomesnsiigacethdtr eébeorbavy iotdiertedusbars off upper
| evel conductors that are of one maximumlength. After the |ast dual
damascene CEraeEss s chadno £ ol dnedntivhdhrewisosipdwet éch Weki x4zoi |l of the
i nvention can be covered with a passivation layer to protect the coil from
enV|ronneﬁ?aP+9es|QNﬁ9@éatd%NﬁkﬁaWhFKQbYAbd@ﬂmymseaﬂh)©¥©4ezc@ossts@tt|on of
the helix coil inductor of the invention with a non-uniform conductor

hei ght. TRELEFHsSIEEEEPBRCE AL OOe tERBVIML i thegeome afias upeey tdwsdrly the
variation in the height of the vertical interconnects between the upper
and the | GRBAV TR léohah’ail greatRdr Thrid e HBFPRSEHHIcfo #R@Issivent i on.

The vertlgg interconnect that is hlghllghted wth 44 is representative of
the verti E8R% i MErTcotRelt L Fenene Ketrss 5 theugbahdntivt dSveke i cal

|nterconnect 44 are interconnects that are of non-uniform hei ghts.
rtical interconnects whereby the value 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 is assumed
that Hvmin = Hvl is the lowest value of the height of the
reépective vertical interconnects and Hvmax then the first step
after the completion of the lower level conductors is to deposit
a first layer of dielectric over the lower level of conductors,
this layer of 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, 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 thickhess of an
upper level conductor. After this first layer of dielectric has

been deposited, the dual damascene procedure allows for the
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41 6 SEP 2004 Fig. 4c shows an Y-Y' cross section of the helix coil

i hductor of the invention with a non-uniform conductor height. Fig. 4c
shows the varyinng | engths of the upper |evel conductors 46 that are part
of the body of the helix coil of the invention. W ere the upper |gge8EP W4
conductor is |abeled 46, this |label is nmeant to represent any and all of
t he upper level conductors of the helix coil. Figs. 5a through 5c present
the fourth epbodi nent of the invention and show the helix coil of the

i nvent i o ARt 1e0US] gERR TN ofothReveidiicelcdptertonigstenttd Eritfodment of
the invention (as shown in Fig. 4a through 4c) with the exception that a
f er r omaghBYT e A8° nSROPEERT P neOrIst #ledtIrpt B tHELREN | XALE tthe
invention., This ferrog netic core 48 is interposed between the upper and
the | ownef’ ?e%}nec?&ﬁdag?%‘% dage PREMhRTSaLtedeofBe YRRET S8VES aPPBIteRded

t hree-di nensj.onal. view of the helix . coil inductor of the invention with a
noh- uni f 87 EBhdUEFEPY e oGRE AN ET BBy e P S RBGHERS T SR Br P CHAS RS
incorporgtgdﬁ 'I;h%1 piﬁce Si ng st%ﬁs that are required to create the
struct ur 895" the "ot ' a9k YSRERRSTH o558 Lomtides 1EKEF 92 6 SEP 2004

| rst. iti [ rjal
process 83e1é£€¥1cd§903é§é§¥%e% Egggrtﬁg ;E%%ggga'guﬁﬁecfgggg lé;ér %%

dielectric, the thickness of this second layer of dielectric is
equal to the sum of the interconnects 44’ and the thickness of
the upper level conductor. The dual damascene process now allows
for the creation of the vertical interconnects 44’ (four in
number} and the upper level conductors 28’ (two in number). These
processing 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 dielectiic plus the 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
herein it is assumed that as part of this step metal is deposited
to f£ill 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 upper level conductor

must be created. This in essence uses the same procedures that
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it nmust be done for the creation of the coil that is shown in Fig. 3a,
after which the various heights of vertical interconnects and the upper
| evel conductors that connect these vertical interconnects is perfornmed as
has previously been described in detail under Fig. 4a above. Fisgg SBF Zbows
an X-X cross section of the helix coil inductor of the invention with a
non-uni f orm conduct or hei ght whereby ferromagnetic material 48 is
incorporated. Fig. 5c shows an Y-Y' cross section of the helix coil
i nduct or ¥1V% ke nIRRti6h frirt Bhe eravtdnnf of ntlvomdeckdinheimhir 1wher eby
ferromagnetic material 48 is incorporated. Fig. 6 shows a graphic depiction
of the QFHHUGFORS B th fthgcerePPBION thguennly fioro mecohvaht i onal spiral
i nduct or arLd for the helix coil inductor of the invention. The frequency of
appl i cat i Oh GFOPRECThdirét 6FeptedIbiithe@nei Bhai¢d)y dednygihe udperi zemténl ' axi s
of the graph tthe factor of the inductor is plotted along the vertical
axi's (i n UAESTSE JUHiS £ PECeTIgnce withethe ddilcthat his rdicami on Big veen Q
and the f‘[aequ%nCé of application for the conventional spiral inductor
while curve b CHEpIEtY FRESPRI W i9Tupet heeh theapdorhes feledliency of
applicati.%rere4%.6 SEP 2004 for. the helix coil inductor of the first
enbodi nent o "the ™Hv &AL B! AR Yagbant dre sfaivRedr bietdde dealizgteni | of the
i nvention,i ﬁscleajg the Q factor of the helix coil of the

perréctly féasible to have for instance three or any other

number of upper level conductors that are of one maximum length.

After the last dual damascene pbrocess has been completed,
the now completed helix coil of the invention can be covered with

a4 passivation layer to protect the coil 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 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 vertiecal interconnects of the heliﬁ

coil, adjacent to vertical interconnect 44 are interconnects that

are of non~uniform heights.
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invention only-starts to decrease after an operational frequency of 3 Giz
has been reached. 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 caore_has
been added. The frequency of application of the inductor is pl ot&ﬁ&E(Pl
GHz) along the horizontal axis of the graph, the Q factor of the inductor
is plotted along the vertical axis (in units of quality factor). Curve

"a" depicts theg.elat kgswdalween Qand the tre f..application for
the helix coil inductor of the inventi onS whi I_eqyﬁtr}rq%/ée%'e%}gd(g%ﬁlcts t he

rel ati on bedwesr Qrabdetiig dnkeaneRrcyh of noﬁpghifﬂr& %ntigétépeh%ghltx coi |
as

i nductor of the invention to which a ferromagnetic core en "added.
The advant age gai ned by the .addition of ferromagnetic core to the helix
coil of the invention is clear, the Q factor of the helix coil of the

i nvention onl yigst act shéws deer easeimf 1RhgRAs0PLT@ld Qx?@lerfi@@é&ency of 3 Gz
has been reached. 44 6 SEP 2004 The followi ng data further quantify the
resul ts tbatdavesbeentisdtmagei geek yr tdhe graphs: that hak ¢x shown Jen¢ELgs. 6

and 7. #1#2#3 #11.01.01.0 um #21.01.01.0 um
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.

Figs. 5a through 5¢ 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 4c) with the exception
that a ferromagnetic core 48 has been incorporated into the helix
of the invention. This ferromagnetic core 48 is interposed

between the upper and the lower level conductors of the helix

core.

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.

The processing steps that are required to create the

structure of the coil as it shown in Fig. 5a coﬁbines that
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#310. 04.04. 0 um #42.01.01. 0 urn #550. 0200200 um #6152040004000 um

#721, 8689, 5009, 500 un2 #83.4810. 7014. 84 nH #91. 806. 107. 64 #103. 708. 4710. 68
#115. 009. 3010. 87 #12207%326% #13238%324% #14129%188% #1586%98% #1657% 7%
wherein: colum #1 represents the conventional spiral inductor 45 gs65e3ER04
2004 columm #2 represents the helix coil inductor of the |nvent|on of

uni form hei ght w thout ferronagnetic core coI um1 #3 represents the helix

coil i ngggé ooff tfggstné{eeg Sll(%nngf? anlgroro ht V\nettkllcf error aqnet IFC core,

whi | e: represents met a ness row rep FeSents et af 2

thICkn6§§ m&é%Nﬁé doﬁgrg§§Q%% %gggggénrofmt%% coil that is shown in

Fig. 3a, after which the various heights 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.

Fig. 5b shows an X-X' cross section of the helix coil
inductor of the invention with a non-uniform conducter height

whereby ferromagnetic material 48 is incorporated.

Fig. 3c 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
-function of fregquency for a conventional spiral inductor and for
fhe 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 ﬁnits of quality factor}.
Curve a depicts the relation between Q and the fregquency of
application for the conventional spiral inductor while curve b

depicts the relation between Q and the freguency of application
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row #4 represents conductor spacing row #5 represents the smaller (par. 22,
Fig. 1) inner conductor Ilength row #6 represents total conductor |ength
row #7 represents total chip surface area row #8 represents inductance
value row #9 represents Qvalue at 1 Giz row #10 represents Q vaigss %t‘?é@
GHz row #11 represents Q value at 3 GHz row #12 represents the |a5e Rt

i nprovenent in inductive value when conpared with the conventional spiral
i nduct or row ﬁlS represents the percentile inprovenent in Qvalue at 1 Gz
when conpafed™fi 1 PhE L bnta S GFartsphe i 5stdaebedinent #fatkepresents the

percentil.e_inprovenent in .value at 2 G4z _when conpared with the
convent i dﬁ’é’leggb??'al CnaHETOT 2 T 0 RA DS R e Red 1k nee e e iRl e i nprovenent

in Qvalue_ at, 3 Gz en c red wwth fhe conventional spiral inductor 46

6 SEP 2004 FOW #6F gygggén&é@@g%gaﬁc‘f otﬁ“ei g‘etlbi‘a‘l’mc]hioﬁ gP%a required

when co red.with .the conventional spirgl inductor. It is_clear fromthe
BRI RS Rt SBPE GERAnEEE By e hel i x

above in AF5F 502
coi | ind%c‘ftgr f ﬁahse ei nvgggci:hon are not only obvious but also very
significant. %hougﬁ the" THVENti on has been described and illustrated

Fig. 7 shows a graphic depiction of the Q factor as a
function of frequency for ;he helix coil inductor of the
invention and for the helix coil inductor of the invention to
which a ferromagnetic core has been added. 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 units of gquality factor).
Curve “a” depicts the relation between Q and the freguency of
application for the helix coil inductor of the invention while
curve “b” depicts the relation between Q and the freguency of
application for the helix coil inductor of the invention to which
& ferromagnetic core has beeﬁ added. The advantage gained by the
-addition of ferromagnetic core to 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,
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with reference to specific illustrative enbodinents thereof, it 1is not
intended that the invention be limted to those illustrative embodi Bt SEP 2004
Those skilled in the art will recognize that variations and. nodifications
can be made without departing fromthe spirit of the invention. It is
therefore.intended to include within the invention all such variations and
nodi fi cations which fall within the scope of the appended clains and
equi val ents thereof. 47 6 SEP 2004 Clains 1., ngthod far %Begtﬁqgaa hel i x
coi |l inductor ToRiTR}IIEVIBBHA %A EBEHYTHE Y Yo FBGL B bvér a°surt ace of a
silicon 5 substrate having a plane, said surface of_ said silic ubstrate
havi ng X RRE™YSEBMdizRst Bg Wetjt‘?rc?gpf’eg{b%’f'noq]ﬁgs HRd'Y "ad°s 6p%§r?%e7rsfdi cularly
intercepting, said point of intercept of said X and Y axis being an
arbitrary point on a surface of said substrate, said helix coil having an
axi s having a direction, 10 %fid direction pf said ﬁ§is being parallel wth
sai d surface of said substriate, conprisinﬁf creatihg a nultiplicity of N1
| ower | evel inductors, said -1 | ower Iequ condugt&nﬁnbeing | ocated in a
pl ane parﬁﬂlel with a planelb a surface of’ said st7coh substrate; and 15
creating multiplicity of 2N vertical intgerconnect aving a circular
Cross sec?*izon, said 2N vertital int erconnejg’tog havi n%"gum

#3 10.0 ' 4.0 4.0 um
#4 2.0 1.0 1.0 um
#5 50.0 200 200 um
#6 1520 4000 4000 um
#7 21,868 9,500 9,500 um®
48 3.48 10.70 14.84 nH
#9 1.80 6.10 7.64

#10 3.70 8.47 10.68
#11 5.00 9.30 10.87
$12 207% 326%

#13 238% 324%

$#14 129% 188%

#15 86% 98%

#16 | 57% 57%
wherein:

column #1 represents the conventional spiral inductor
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. : . . ;
i ted in a plane perpendicular with said plane of said surface o
ggsjldu:i : ioggn subst raltoe, Si gul taneously creating a mltiplicity ?f N gpper
| evel inductors located in a plane 20 parallel with said plane of sai o
surface of said silicon substrate, upper |evel connectors being sg aéélp Sl
fromlower level conductors by a distance. 2. The nethod of claint N ai
creating a nultiplicity of 25 N1 | ovvler | evel cpnflugi(r)ir(s: gerenr)rlsz: ggsar;ag(s:e
: uz&0 iskbh8g énd ineSli«l aY l &% the 1nvent: .
81]:' ggig ?ﬁstra?é?ﬁgfdhf i@?st Iayerr1 o? ng: ef equ[I‘I%E RAViHy & VePhi Sk fdfss;

iti i < i i 5 said first |ayer
ti ngid reenonel dray @t tRbut NMd:auiBLAL: fl gl gatri c over ! .
gfpgﬂal ;c'?lri c, said dse%:/ond I%yer ofO I %t ra-metal dielectric havi ng a

; benn# Ao aprdsehedi 11k 311G xSe6oNd: | AveL . of £ i Nt T a- et al £
?hurer 2g$ri g,aﬂcr eat i ?irg trenches for sard rrﬁ?tl ﬁq%ém ty of r}Teoﬁélrvengje%lo

i he il { i Lplici f lower |evel
rsmnifOritdigng watd teneahgsefof S3id gybiiplicity of |
ggzgﬂg: grsnvl\,i tf} a figrhgt | evel of rrgt gl ; a%g:lepl anarrzing said first |evel of

met al dowrotwo# 1 heeigsbace mofaisai dnse | ayer of intr (il-Smet al dielectric,
creating said nmultiplicity of |Iower |evel conductors.

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 conductor
length

row #6 represents total conductor length

row #7 represents total chip surface area

row #8 represents inductance value

row #9 represents Q value at 1 GHz

row #10 represents Q value at 2 GHz

row #11 represeﬁts Q value at 3 GHz

row #12 represents the percentile improvement in inductive value
when compared with the conventional spiral inductor

row #13 represents the percentile improvement in Q value at 1 GHz
when cowmpared with the conventional spiral inductor

row #14 represents the peréentile improvement in Q value at 2 GH#
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
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3. The method of claim1l, said |ower |evel conductors conprising: a |ower
| evel ctonductor width in a plane parallel with said plane of said surface
of said silicon substrate; 20 a | ower |evel conductor length in a.pbgm% 2004
parallel with said plane of said surface of said silicon substratw;

| ower | evel conductor height in a plane perpendicular to said plane of
said surface of said silicon substrate; |ower |evel conductor |engthw se

si dewal | sobei g re@irbbets e SkedeMal ds i ane; e, ular, to said
pl ane of said surface 4536 SEP 2004 ofjéafgtg#llc 3 egsgéé Tih"

d|rectlOﬂoﬂiﬁaﬁd’&dl@ﬂgtﬂﬂeCc‘forﬁréhglolllmPllr%\ie}LnSL? tor; |ower |evel
conductor w dthw se sidewalls being vertica sidewalls in a plane

per pendi cul ar to said plane of said surface 5 of said silicon substrate in
a direction of the wdth of said conductor, said vertical sidewalls having

contours of atseni cleylimnder tha LOVeS 1dﬁ%%£t8@nﬂﬂﬁa%ka9ppﬁé surface being
an upper surface in a plane parallel with sard ane of said surface of

10 sai d_ sipicemeaubsthial GreSabdal Qe %K@'h&ﬂﬂ?%ﬁﬁ?rlﬂéﬁﬁ¥o Wi age
conprising |ower |evel conductor interconnect surface areas being 't

i Nt er conmodntsionf ace :&ne@mhgosa‘trﬁ&lsﬁltbu@hﬁls@X‘Fé‘éms&bﬁf%anﬂ.engt h of said
| oner | evel conductor upper surface each of sa
Although the invention has been described and 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 cén be made without departing

from the spirit of the invention. It is therefore intended to

include within the invention all such variations and

- modifications which fall within the séope of the appended claims

and equivalents thereof.
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i nt erconnect surface areas being bounded on one side by said 15 | ower |evel
conductor w dthwi se sidewall; a |ower |evel conductor |ower surface being a
| ower surface in a plane parallel with said plane of said surface of said
silicon substrate; and a | ower |evel conductor center |line center '§%
said ower 20 |level conductor center line being |located in a n1dd+§ P 2004
between said lengthwi se sidewalls in a direction of said | engthw se
sidewal s, said center line furthernore being located in said |ower |evel
conductor upper surface, endpoints fqr said center |ower |evel conductor
center line being renoved fromsaid 25 w dthw se sidewal | s by a distance
equal to said radius of said cross section of said vertical interconnect
conductors. 50 6 SEP 2004 4. The nethod of claim3, said | ower |evel

conductor upper SArdaAtedCesPrdrehignd W0 nit frL&Annesdusis:f ageiay @as having a
surface area being a circle having a radius, further having a center, a

center obo8pl dadbir b, heing Gaiddcaetter s:0bustddt lbawersisilcexel conduct or

i nterconnect surface area, said center being |ocated on and as end-points
of sabd kowmerrdtevebvignduplame centidrsutisge af snidi siahcee Brbmrsaied

wi dt hwi se sidewal | s of said |ower |evel conductors equal to said radius of
sai d cir bkeifoineng $aicdrdimterc onhkctomerdoediory Suafidce aaieas. 10

perpendicularly intercepting, said point of intercept of said X
and Y axis being an arbitrary point on a surface of said
substrate, said helix coil having an axie having a direction,

10 said direction of gaid axis being parallel with said surface of
said substrate, comprising:

creating a multiplicity of N-1 lower level inductors, said

N-1 lower level conductors being located in a plane parallel with
a plane of a surface of said silicon substrate; and

15 creating a multiplicity of 2N wvertical interconnects having
a circular cross section, said 2N vertical interconnects having a
radius located in a plane perpendicular with said plane of said
surface of said silicon gubstrate, simultanecusly creating a
multiplicity of N upper level inductors located in a plane

20 parallel with said plane of said surface of said silicomn
substrate, upper level connectorg being separated from lower

level conductors by a distance.

2. The method of claim 1, said creating a multiplicity of

25 N-1 lower level conductors comprising steps of:

48



5. The method of claim1l, creating a multiplicity of 2N vertical

i nterconnects located in a plane perpendicular with a plane of a surface

of said silicon substrate while sinultaneously creating a nulti pli&8tSEPo?llk
N upper level inductors located in a 15 plane parallel with said plane of a
surface of said silicon substrate, said upper |evel connectors being
separated fromsaid |ower |evel conductors by a distance, conprising steps
of : depositing a third |layer of intra-netal dielectric having a surface
cont ai ni ng on : intra-k i.e (e r_said
second | ayer g?&:;snlt@?.%_gl %\?%Jﬁ}%i g%%%:ltnr%fgfik:g%%turgf%n%&%esaggur af%\égo?ﬁsai d

mul tiplighty Qfdeouesr, leual seandyctorSor RALEELNNILAREhetehing third |ayer
of intra-metal dielectric, creating dual damascene structures, vias of

sai d duaknigammscene structure being said vertical interconnect conductors
25 aligning with said | ower |evel conductor interconnect surface areas,
dual damascen@eps£inGhgsa beidagdsabgetipgetnt evalreongitatersic 26 SEP 2004
depositing a second | ayer of netal over said third layer of intra-I|evel

di el eftriseidi hicdstidilagesafddvebsctaiieat €tid pesand Uslerdof liayer-wétdlnt r a- met al
dielectric; and planarizing said second | ayer of netal down to the surface
5 of sai diehéstrilcapevigf a sbrgaawwtal dielectric. 6. The method of claimb5,
said vertical interconnects conprising:

patterning and etching said second layer of intra-metal
dielectric, creating trenches for said multiplicity of lower
level conductors;
10 filling said trenches for gaid multiplicity of lower level
conductors with a first level of metal; and
planarizing said first level of metal down to the surface

of said second layer of intra-metal dielectric, creating said

multiplicity of lower level conductors.

15
3. The method of claim 1, said lower level conductors
comprising:
a lower level conductor width in a plane parallel with said
plane of said surface of gzaid silicon substrate;
20 a lower level conductor length in a plane parallel with

said plane of said surface of said silicon substrate;

a lower level conductor height in a plane perpendicular to
gsaid plane cof gaid surface of said silicon substrate;

lower level conductor lengthwise sidewalls being vertical

25 sidewalls in a plane perpendicular to said plane of said surface
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a vertical interconnect height; 10 a top surface in a plane being parall el
with said plane of said substrate and renoved from said substrate by a

di stance equal to said height of said vertical interconnect; and a

vertical interconnect cross section being a circular cross secti onZ Btk Fr gl
a center, said center being formed by a line 15 interconnecting two or

nore centers of two or nore of said circular cross sections. 7. The nethod
of claimb5, said upper |evel conductors conprising: 20 an upper |evel

conduct o g W g s@ﬂ&ﬂa aupkaidtd Anas PhARR:iBATA kel Wilnsakdsplane of said
surface of said silicon substrate; an upper |evel conductor |length being a

l ength i NoRePlizRel @HREEE, Wth said plane of said surface of said silicon
25 substrate; 52 6 S E P 2004 a upper |evel conductor hei ght being a height

in a plane pespandieosl afordd@csst dridltanes Ofsigaigl Bdindeasg wirtsabd silicon
substrate; upper |evel conductor |engthw se sidewalls being vertical 5

si dewal | sidewsA1pl anea parpenskdndi ctonrsalodspl @ng aak smaidigusiatee of said
silicon substrate in a direction of the length of said upper |evel
conduft opf said silicon substrate in a direction of the width of said

conductor, sald vertical sidewalls having contourg of a semi-

cylinder;

a lower level conductor upper surface being an upper
surface in a plane parallel with said plane of said surface of

10 said silicon substrate, said lower level conductor upper surface
.comprising lower level conductor interconnect surface areas being
two interconnect surface areas located at both extremities of
length of =said lower level conductor upper surface each of said
interconnect surface areas being bounded on one side by said

15 lower level conductor widthwise sidewall;

a lower level conductor lower surface being a lower surface
in a plane parallel with saild plane of said surface of said
silicon substrate; and

a lower level conductor center line center line, =zaid lower

20  level conductor center line being located in a middle between
said lengthwise sidewalls in a direction of said lengthwise
gidewalls, =aid center line furthermore being located in said
lower level conductor upper surface, endpoints for said center
lower level conductor center line being removed from said

25 widthwise sidewalls by a distance equal to said radius of said

cross section of said vertical interconnect conductors.
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upper |l evel conductor w dthw se sidewalls being vertical sidewalls in a

pl ane perpendi cular to said plane of said surface 10 of said silicon
substrate in a direction of the width of said conductor, said vertical
sidewal I s having contours of a sem - circle; an upper |evel conductor |ower
surface being a lower surface in a plane parallel wth said planez@fSEaiteH
surface of 15 said silicon substrate, said upper |evel conductor-' | ower
surface conprising two interconnect surface areas |ocated at both

extremt1es ok | engld akndal o waleh 4 evelaconllichar ] Mpkaatgf ace  such

that each of said I nterconnect surface areas Is bounded on one side by

upper | evghe£ QREAUEEOTcdRb- 85 LANNSEL 1§%Jc%%ﬁeé£ eas-ral. bolng 8althgiprer |evel
conductor w dt hwi se sidewal | ;" an upper |evel conductor upper surface being

an upper sustided@@ech bl ngy an@llﬂﬁreahjaﬂiné/\‘at Ragaid RL2DEOhashg Surface of
said silicon substrate; and upper |evel conductor center line being a

center | kaete?5al ert@d dfnsaidicdakee hatingeBasaiddnkengdhwasae shwewal s in a
direction of said | engthwi se sidewalls, furthernore being |ocated 53 in
sai d dppéevékvendoonetdhoertéowercts sufBee, aesadpaiaitiscémrersakting center |ine
bei ng renoved fromsaid wi dthw se sidewalls by a distance equal to said
radi us oficsatisdl onossd secendrpomtsapll saigr Lbeed laveer conhetbr commdect ors. 5
line at a distance from said widthwise sidewalls of said lower
level conductors equal to said radius of said circle forming said
interconnect conductor surface areas.
10
5. The method of claim 1, creating a multiplicity of 2N
vertical interconnects located in a plane perpendicular with a
plane of a surface of said silicon substrate while simultaneously
creating a multiplicity of N upper level inductors located in a
15 plane parallel with said plane of a surface of said silicon
substrate, said upper level connectors being separated from said
lower level conductors by a distance, comprising steps of:
depositing a third layer of intra-metal dielectric having a
surface containing one or more layers of intra-level dielectric
20 over said second layer of intra-level dielectric, including the
surface of =zaid multiplicity of lower level conductors;
patterning and etching third layer of intra-metal
dielectric, creating dual damascene structures, vias of said dual
damascene structure being said vertical interconnect conductors

25 aligning with said lower level conductor interconnect surface

areas, dual damascene trenches being said upper level conductors;
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8. The method of claim7, said upper |evel conductor interconnect surface
areas having a surface area being a circle having a radius, further having
a center, the center of said circle being said center of said upper |evel
conductor 10 interconnect surface area, said center being |ocated on %%%]ﬁﬁ4
end-points to said upper |evel conductor center line at a di stance §

said wi dthw se sidewalls of said upper |level conductors equal to said
radius of said circle being said interconnect surface areas. 15 9. The

met hod of claj d_ hel o u eing._.creat aqver ng helix
coil X and Y c%%kgt % ﬁ%%%?egaondlg %éﬁzﬁgyeﬁg? %&Egiﬁgjg'g V%%x i's

per pendi QHL%J%v'emt&{éa%%ws ﬁlaalqdu*ﬂge'gg&dcwés F&%Qléec?fld @5%0&% on of

said helix coil X and Y axis 20 being an arbitrary point surface of

sai d subshyat &r $ateh -k Xafoidechkt el conpr|5|ng a hellx c0|I | engt h
being a length in a plane parallel wth said plane of said surface of said

silicon substpaiearieasyredd Becandlilzgeti 0N RtasabdmX60okdidakgce 54 -6 SEP
2004 a helix coil width being a width in a plane parallel with said plane

of sabd siréaice tafiréaiLdesi b ctravhstdatacteastiiced in a direction of said
Y coordinate; and a helix coil height being a height in a plane
per pendi cul ar
6. The method of claim 5, said vertical interconnects
comprising:
a vertical interconnect height;

10 a top surface in a plane being parallel with said plane of
said substrate and removed from said substrate by a distance
egual to said heighf of said vertical intercomnect; and

a vertical interconnect cross section being a circular
cross section having a center, said center being formed by a line

15 interconnecting two or more centers of two or more of said

¢ircular cross sections.

7. The method of claim 5, said upper level conductors
comprising:
20 an upper level conductor width being a width in a plane

parallel with said plane of said surface of said silicon
substrate;

an upper level conducter length being a length in a plane
parallel with said plane of said surface of said silicon

25 substrate;
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5 to said plane of said surface of said silicon substrate. 10. The net hod
of claim1, said substrate point of intercept coinciding wwth said helix
coil point of intercept, said helix coil point of intercept being sel ected
on said surface 10 of said substrate as a |ocation where said hel ixg@&gP 2004
inductor is created, inplying a fixed orientation of said helix coil X
axis and Y axis. 11. The nethod of claim1, said 2N upper |evel conductors
15 conprising: a maxi mum | ength upper |evel conductor being a conduct or

created in eqHaudpﬂﬁng_tebéll&n@lu E&_e(ﬂel Htok.}ei %‘g ?glq §R‘I p{a axis of said

helix coil coordinates being of an upper uct or gth | onger

than al | pet-b&taicandHCE OIS 1800t ANed ngchhQEQcé%desHPd?%rll'l@Mﬁ' conductors;
and a ﬁUFtIp|ICIty of 2N-1 conductors created parall sai d maxi mum

| engt h uppBscdaaegl conductor, |ocated in equal nunbers on both si des of
sai d maxi mum | engt h upper | evel conductor, the length of said multiplicity
of conduct or supgéng ezbl cé@atedor Nl @tali tengldasal ne thenY andithe Y

direction of said helix coil coordinates, furthernore the length of said
55 6 $ EsPd@@(4smihta pdliadkt yexdenciandlet afos said framfikyoflearidasintacs t h
i ncreasing distance between said maxi num | ength upper |evel conductor and
each of 9d&iseidiistiilpticistpsbfaoorduet dissction of the length of said
upper level conductor;
upper level conductor widthwise sidewalls being vertical
sidewalls in a plane perpendicular to said plane of said surface
10  of said silicon substrate in a direction of the width of said
conductor, said vertical sidewalls having contours of a semi-
circle;
an upper level conductor lower surface being a lower
gsurface in a plane parallel with saild plane of said surface of
15 said silicon substrate, said upper level conductor lower surface
comprising two interceonnect surface areas located at both
extremities of length of =zaid upper level conductor lower surface
such that each of said interconnect surface areas is bounded on
one side by upper level conductor interconnect surface areas
20 being said upper level conductor widthwise sidewall;
an upper level conductor upper surface being an upper
surface in a plane parallel with said plane of said surface of
said silicon substrate; and
upper level conductor center line being a center line

25 located in a middle between said lengthwigse gidewalls in a

direction of said lengthwise sidewalls, furthermore being located
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5 12. The nethod of claim1l, said centers of said interconnect surface
areas of said |ower surface of said maxi mum |ength upper |evel conductor
being located on said Y-Y' axis of said helix coil coordinates at equal

di stances fromsaid intersect of said helix coil coordinates at point +Y
maxi mum 10 upper for a first center and -Y maxi num upper for a secdridSEP 2004
center. 13. The nmethod of claim1l1l, said N1 | ower |evel inductors
conprising' 15 a first and a second | ower |evel conductor extending from

poi nts Ofl {'sisa gB% OJTe\)Ielj'_ecL. ndREL fgrefra% rjlfen t%‘z’a“dse ntfer Wlth sai d
|

X-X axis el1Xx COI coor di na Sal d ‘poi'nts o |ntercept belng
| ocat ed eghidl SLAtL LM LAS, RPledbn oo c-ntw%e tse Qhadig X X, and Y-Y' axis
of said helix coil coordlnates sal d | engt hw se centers of sald upper

sur f aces a0kt Saied chONEt o %QD@'U&atd%é bf‘tsearﬁe@%ékg Sdbdesn &F apghe with the
Y-Y' direction of said helix coil coordinates, furthernore said first and

second keweicdieveteangdet Oforduet8fsa maxi mumlength |ower |evel
conductors being |lower |evel conductor |engths being | onger than 25 al
ot her51 ower | evel conductors contained within said nmultiplicity of |ower
| evel conductors, furthernore a first 56 6 SEP 2004 center of said
i nt erconnect 8urf atlee arcthodfoSaildifhi T stsadxupasn lkeaytdonkdoves: | evel
conductor coinciding with said point +Y
interconnect surface areas having a surface area being a circle
having a radius, further having a center, the center of said
circle being said center of said upper level conductor
10  interconnect surface area, said center being located on and as
end-points to said upper level conductor center line at a
distance from said widthwise sidewalls of saild upper level
conductors equal to said radius of said circle being said
interconnect surface areas.
15
9. The method of claim 1, said helix coil inductor being
created overlying helix coil X and Y coordinates, corresponding
helix coil X axis and Y axis perpendicularly intercepting, said
helix coil point of interception of said helix coil X and ¥ axis
20 being an arbitrary point on a surface of said substrate, said
helix coil further comprising:
a helix coil length being a length in a plane parallel with

gaid plane of said surface of =aid gilicon substrate measured in

a direction of said X cocrdinate;
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maxi nmu
of sai
center
| ower

second
| ength

m upper, |eaving a second center of said interconnect surface area
d first maxinumlength | ower |evel conductor 5 available, a first
of said interconnect surface areas of said second nmaxi mum | engt
| evel conductor coinciding with said point -Y max. upper, |ledving a
center of said interconnect surface areas of said second maxi num
| ower | evel conductor available; and 10 a multiplicity of 2N 3

conductors |ocated in equal numbers on both sides of said maxi mum|ength

| ower | evel CQ“H }prc%n ii#t%”%g%éf [ O fn qu 0t Pg‘!‘%?' ;‘Qta%r LD f%’fc psal d
. centers of sald evel conductors w th axi s of 'said helix
coi |l CO%E@B"‘@J’.{% offuée{lhﬁrsm?fﬁzé he l;&i‘@téll%oéaé&s@gﬁé AldSLiyg af, | ower 15
| evel conductors uniformy decreasing with increasing distance With said
maxi mum keagtdediwess | fviel veonoahats; i The method of claiml, sai d
upper level conductors and said |ower |evel conductors being joined by
means of sai daZReVir cbgdl hdiher B Gl e Siteh ihhat p1ahef Féﬁl.t:en'iﬂ@u§§:§0nd
vertical interconnect being provided to said maxi num |l ength upper |evel
conduft otoovard yilage saf dafildr strfaardoseenn seEM®@T s@bssaitd.i nt er connect
surface areas of said |ower surface of said maxi mum | ength upper |evel
conductor, said 25 vertical interconnects facing towards said upper surface
of said I|ower |evel conductor, said center of said first vertical 57 - 6
SEP 2004 10. The method of claim 1, said substrate point of
intercept coinciding with said helix coil point of intercept,
gaid helix coil point of intercept being selected on said surface
10 of said substrate as a location where said helix coil inductor isg
created, implying a fixed orientation of said helix coil X axis
and Y axis.
11. The method of claim 1, said 2N upper level conductors
15 comprising:
a maximum length upper level conductor being a conductor
created in eqgual lengths in a direction of said Y and said Y!'
axis of said helix coil coordinates being of an upper level
conductor length longer than all other conductors contained
20 within said upper level conductors; and
a multiplicity of 2N-1 conductors created parallel with
said maximum length upper level conductor, located in equal
numbers on both sides of said maximum length upper level
conductor, the length of said multiplicity of conductors being
25 created in equal lengths in the Y and the Y' direction of said

helix coil coordinates, furthermore the length of said
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i nterconnect coinciding wwth said first center of said interconnect
surface area of said first maximum |l ength | ower |evel conductor, said
center of said second vertical interconnect coinciding with said first
center of said interconnect surface 5 area of said second maxi num | ength

| ower | evel conductor, leaving a second center of said i nt er connecf SEF 2004
surface areas available on each of said first and second maxi num | ength

| ower | evel conductors; interconnecting in descending order of upper |evel

and 10 heveipilievel &pm%e{;oésew&boﬁﬁg, skardd nggw,ih, corpectifug an  upper
| evel conductor to said avail abl e second center o? sald interconnect

surface ateesndd bedrberDisasal dh-finmt 1Mt SeepRe 1RRXI FAHRURBItind over | evel
conductors, |eaving available a center of said interconnect surface of
sai d | owetch exMelsatanaiictiplsciSaicd EbndudtRk-gonnecti ng al i gning one center of
said interconnect surface of said | ower |evel conductors with one center of
said interconnect surface of said upper |evel conductors in descending
order of -upper level and |ower |evel conductor |ength, said procedure of
conneZting upper | Eyelmecbnduct erlsinoll owerd| esreder20oforrddct or s conti nui ng
to where all N upper level and N-1 lower conductors of said helix coi

have beepAlFpiETEeARettE@cecrezrs vf salddlowrr comdaceort staidcnexiandyei ng
symmetrical with said Y-Y' axis as the center of said symmetry. 25 is. The
net hod of-SB¥Ht MPPET 1SS ladEnducivdl Pebeerlocaied ®omdbétors skiedifal | ength

wth a Iength hei ng shorter when
sald helix Coill coordinates at equal distances from said

intersect of said helix coil coordinates at point +Y maximum

10  upper for a first center and -Y maximum upper for a second

center.
13. The method of claim 1, said N-1 lower level inductors
comprising:
15 a first and a second lower level conductor extending from

points of intercept of their upper surface lengthwise center with
said X-X' axis of said helix coil coordinates, said points of
intercept being located equidistant from the point of intercept
of the X-X' and Y-Y' axia of saia helix coil cocrdinates, said

20 lengthwise centers of said upper surfaces of said lower
conductors intercepting under an angle with the ¥-¥' direction of
said helix coil coordinates, furthermore said first and second
lower level conductor are of a maximum length lower level
conductors being lower level conductor lengths being longer than

25 all other lower level conductors contained within said

multiplicity of lower level conductors, furthermore a first
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58 conpared with all other |ower |evel conductors being reserved for

I nput/ out put connections with said helix coil, said input output

connection being established by providing a vertical interconnect

conductor to said remaining avail able centers of said 5 interconnegﬁsﬁg%ggn
of said upper surface of said additional |lower |evel conductor, further
provi di ng two upper |evel conductors of extended length aligning with said
provi ded vertical interconnect conductors. 10 16. The nmethod of claiml1,

sai d hel ic¥nes# lofbehng wivkeddat:cd Buarshieleehrde And furdchak i bei ng
covered by a layer of passivation. 17. The method of claim2, said

deposi ti ngngtH ivcsbr| BkeN cdbaedroti ebesdidiagovain sakd sdifrace of said
substrate said first |layer of dielectric having a thickness being
el i m nat edximdepppet | Ngasahgd <erondd| @aferobf i sdiaineémondeet ectric on said
surface of said substrate. 59
gurface area of said first maximum length lower level conductor
5 available, a first center of said interconnect surface areas of
said second maximum length lower level conductor coinciding with
said point -Y max. upper, leaving a second center of said
interconnect surface areas of said second maximum length lower
level conductor available; and
10 a multiplicity of 2N-3 conductors located in equal numbers
on both sides of said maximum length lower level conductors,
extending from a point of intercept of said centers of said lower
level conductors with said X-X' axis of said helix coil
coordinates, furthermore the length of said multiplicity of lower

15 level conductors uniformly decreasing with increasing distance

with said maximum length lower level conductors.

14. The method of claim 1, =said upper level conductors and

said lower level conductors being joined by means of said
20  wvertical interconnects such that:

a first and second vertical interconnect being provided to
said maximum length upper level conductor overlying said first
and second center of said interconnect surface areas of said
lower surface of said maximum length upper.level conductor, saild

25 wvertical interconnects facing towards said upper surface of said

lower level conductor, sald center of said first vertical
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interconnect coinciding with said first center of said
interconnect surface area of said first maximum length lower
level conductor, said center of said second vertical interconnect
coinciding with said first center of said interconnect surface
area of said second maximum length lower level conductor, leaving
a second center of said interconnect surface areas available on
each of said first and second maximum length lower level
conductors;

interconnecting in descending order of upper level and
lower level conductor length and starting with connecting an
upper level conductor to salid available second center of said
interconnect surface areas on each of said first and second
maximum length lower level conductors, leaving available a center
of said interconnect surface of said lower level conductors, said
interconnecting aligning one center of said interconnect surface
of said lower level conductors with one center of said
interconnect surface of gaid upper level conductorg in descending
order of upper level and lower level conductor length, said
procedure of connecting upper level conductors to lower level
conductors continuing to where all N upper level and N-1 lower
conductors of said helix coil have been interconnected, creating
a helix conductor structure being symmetrical with said ¥-Y' axis

as the center of said symmetry.

15. The method of claim 14, two additicnal lower level

conductors of egqual length with a length being shorter when
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compared with all other lower level conductors being regerved for
input/output connections with said helix coil, said input output
connection being established by providing a vertical interconnect
conductor to saild remaining available centers of said
interconnect areas of said upper surface of said additional lower
level conductor, further providing two upper level conductors of
extended length aligning with said provided vertical interconnect

conductors.

16. The method of claim 1, said helix coil being embedded
in a dielectric and furthermore being covered by a layer of

passivation.

17. IThe method of claim 2, said depositing a first layver
of dielectric over said surface of said substrate said first
layer of dielectric having a thickness being eliminated,
depositing said second layer of intra-metal dielectric con said

surface of said substrate.
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