5 Cctober 2004 | NTEGRATED VERTI CAL SPI RAL | NDUCTOR ON SEM CONDUCTOR

~ MATERI AL BACKGROUND OF THE INVENTION 5 (1) Field of the Invention The
“invention relates to the fabrication of integrated circuit devices, and
nore particularly, to a nethod and structure for creating a high Q

i nductor while sinultaneously reducing the surface space that is consuned
10 by such an inductor. The inductor of the invention i$ &ctoperakOoffduct or
that is positioned in a plane that is perpendicular to the plane of the

substrate o ' e t LS. Cr d. 15 (2 2) Description_of the
Prior Art Ngggﬁﬁﬁggﬁﬁkéﬁgﬁgggi S%Ehﬁ%l6§€6$iQﬁn9¥§?€Wﬁ?é§9E§FP8nQABFRE%bh
performance sem conductor devices that are produced at conpetitive prices.
A direct result of these requirenents is that device density and

i nter-device 20 packagi ng densitg continue to increase fromwhich directly
follows the requirement thaPAFRERSUNPRR BHRallBENHASe that is available
on the surface of a sem conductor substrate is carefully allocated and
maximzed in its use. I 5 COctober 2004 .

5 (1) Field of the Invention

The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method and
structure for creating a high Q inductor while
simultaneously reducing the surface space that is consumed

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

conductor is created.

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

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

20 packaging density continue to increase from which directly
follows the requirement that the surface area or space
that is available on the surface of a semiconductor

substrate is carefully allocated and maximized in its use.




Wiile the majority of sem conductor devices relate to the field of digital
data processing, electronic circuitry can nevertheless be divided into two
broad fields. One field addresses digital processing while the second field
5 addresses the mani pul ati on of anal og signals. Digital sem conductor

devi ces have as function the manipulation or storage of digital
informati on. The functions of analog electronic circuithpdieberi A0ptevi ous
years typically been handled by separate conponents such as relatively

| arge 10 capacitaors, .or relatively large inductors. The separate conponents
may have been applied itr]ilecH‘ﬁBPﬁ&t¥'Voﬁf\/\F?‘ﬁlﬂ?ﬁﬁhﬂ%tfo%r‘%?c"e‘ééeisn&eééﬁﬁbFPi ties,
wher eby however a significant portion of the functional inplenmentation has
been real i zed*HyE A G GOILEL FASPaRERCREHHRT t | SASHHPIES (CHEGEELYVE
conponents in addition to and functionally collaborating with the digital
conponent s. €% difer i edGiscePEntd viRad ankoi apodechash fenpenefns that are
required for anal og processing have in the past limted the integration of

such conponedhistd mdsinegsiesaldigd teénprondasing wint legridte ecionduifti eddvi ces.
Modern nobi | e comruni cati on applications center around conpact
hi gh- f r eGuerssddsmidgenegite. mAhtipuflheidn of analog signals. Digital
semiconductor devices have as function the manipulation or
storage of digital information. The functions of analog
electronic circuitry have in previous years typically been
handled by separate components such as relatively large
10 capacitors or relatively large inductors. The separate
components may have 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
15  inductive components in addition to and functionally
collaborating with the digital components. Circuit
requirements that are imposed on components that are
required for analog processing have in the past limited

the integration of such components into typical

20 semiconductor integrated circuit devices.

Modern mobile communication applications center

around compact high-frequency equipment. With the




5 Cctober 2004 continued inprovenents in the performance characteristics

of this equipnent, continued enphasis will be placed on snmall size of the

equi pnent, | ow power consunption, increased frequency applications and | ow

noi se levels. 5 Sem conductor devices are used in the field of nobile

comuni cation for the creation of Radio Frequency (RF) anplifiers. A major

conponent of a typical RF anplifier is a tuned circuit & stobemnt 30A4

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

10 characterjstic thL, dependent on aﬁd determ ned by the wvalues of its
iVELE &

i nductive ant®'Capat TPGRERL $° EAR PEBr AT RCE SRECIFE
frequency dependent, which enables the tuned circuit to either forma high
or a |ow iﬁgg TR FEEGal §°8F 1RVEEr BBPRAF e dlighc e Hd-a9§ids ©15 nanner
the tuned circuit can either reject or pass and further anplify conponents
of an anal oG gnatldrasdd ths cENePRPBHuchRY BPVER[ORBRPSHEN. . The t uned
circuit can therefore be used as a filter to filter out or renove signals
of certain f¥eHirRATERS GAVESCYeabPeinatsent rand al 30 reiireuiltevedsst.i gur at i on
that is ained at manipul ating anal og signals. The tuned circuit can also
be used to fI¥mwhepitugttorelderticesabrenpeddnte by uBielg tdfe nicBilesonance of
t he '
communication for the creation of Radio Frequency (RF)
amplifiers. A major component of a typical RF amplifier is
a tuned circuit that contains inductive and capacitive
components. The tuned circuit has as electrical
10 characteristic that, dependent on and determined by the
values of its inductive and capacitive components, can
form an impedance that is frequency dependent, which
enables the tuned circuit to either form a high or a low
impedance for signals of a certain freguency. In this
15 manner the tuned circuit can either reject or pass and
further amplify components of an analog signal based on
the frequency of that component. The tuned circuit can
therefore be used as a filter to filter out or remove
signals of certain frequencies or to remove noise from a
20 circuit configuration that is aimed at manipulating analog
signals. The tuned circuit can also be used to form a high

electrical impedance by using the LC resonance of the

circuit and to thereby counteract the effect of parasitic




circuit and to thereby counteract the effect of parasitic 5 October 2004
capaci tances that are part of a circuit. The self- resonance that is caused
by the parasitic capacitance between the (spiral) inductor and the
under |l yi ng substrate wll |imt the use of the inductor at high
frequencies. 5 One of the key conponents that is applied in creating high
frequency anal og semni conductor devices is the inductor % HmtcosrmBOgart of
a LC resonance circuit. The key challenge in the creation of the inductor
is to 10 m nimze, the sur ace area that _is rgguired for the creation of

f
the i nduct or "W T & T diHinG 8 RRgh Ofval GerCrbf - (e isfddct or .
Conventional_inductors that are created on the surface of a substrate are
of a spiral SHAPERSHTESy BhEagsefalyi §her Bared FHC £L3RaHE RS i s
parallel 15 with the plane of the surface of the substrate. conventional
met hods t hatPereesRsddia ol sirigale tREUCREUCRBE thn wrdesliring subtaasabstrat e
suffer several limtations. Mst high Qinductors formpart of a hybrid
devi ce conf¥igb atdwit dheofusvbedl ithii dnflictovave higleghmewmOed.rcuits
(MM Cs) or are created as discrete conponents, the creation of which is
not readifly integratable into a
One of the key components that is applied in creating
high frequency analog semiconductor devices is the
inductor that forms part of a LC resonance circuit. The
key challenge in the creation of the inductor is to
10 minimize the surface area that is required for the
creation of the inductor while maintaining a high Q value
for the inductor. Conventional inductors that are created
on the surface of a substrate are of a spiral shape,
whereby the spiral is created in a plane that is parallel
15 with the plane of the surface of the substrate.
Conventiocnal methods that are used to create the inductor
on the surface of a substrate suffer several limitations.
Most high Q0 inductors form part of a hybrid device
configuration or of Monolithic Microwave Integrated
20 Circuits (MMIC’'s) or are created as discrete components,

the creation of which is not readily integratable into a

typical process of Integrated Circuit manufacturing.




typi cal process of Integrated Circuit manufacturing. 4 5 Cctober 2004 By
conbining the creation on one sem conductor nonolithic substrate of
circuitry that is aimed at the function of anal og data mani pul ati on and
anal og data storage with the functions of digital data manipulation 5 and
digital data storage, a nunber of significant advantages are achieved.
Such advant ages include the reduction of manufacturing Tdésttoherd20Ré
reduction of power consunption by the conbined functions. To reach
required inductive values for particular applications, 10 inductors can be
of significant physiCat-$i'2¢ 52‘& E&ﬁattlﬁﬁrggo?’éer%%fﬂﬁ?@%%tiodfni fi cant
surface area of the . sem conductor substrate. To limt this inpact of space
requi r ement ,m‘?rﬁ%l]tfdtﬁ'ﬁ'rcs sSHhStERbicc | FFEHAREY ot hel 33 ¥BRE atofthe substrate
inaspiral form The spiral formof the 15 inductor however results in
parasitic capRFtEt&S Ferheen datRe"PRAGELBELIR ramg anrlachalafgder | yi ng
substrate, due to the physical size of the inductor. These parasitic
capaci t ancesSHaaIS wdhi dlie degatiivasepfedigbhal hdatd ummtimnaltiion of the
created LC circuit by sharply 20 reducing resonance frequency of the tuned
circuit &f tamrd digital data storage, a number of significant

advantages are achieved. Such advantages include the

reduction of manufacturing costs and the reduction of
power consumption by the combined functions. To reach
required inductive values for particular applications,

10 inductors can be of significant physical size and can
therefore require a significant surface area of the
semiconductor substrate. To limit this impact of space
requirement, inductors are typically formed on the surface
of a substrate in a spiral form. The spiral form of the

15 inductor however results in parasitic capacitances between
the inductor wiring and the underlying substrate, due to
the physical size of the inductor. These parasitic
capacitances have a serious negative effect on the
functionality of the created LC circuit by sharply

20 reducing resonance frequency of the tuned circuit of the

application.




application. 5 5 COctober 2004 Wdely 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 5 the energy that is stored in the reactive portion of
the conmponent while El is the energy that is lost in the reactive portion
of the conponent. The higher the quality of the conponéntOctiipgrcR68ér the
resi stive value of the conponent approaches zero while the Q factor of the
10 conponent apprpaches infjnit . The Iciual [ t%/ factor for conponents
differs fromthe % Y tlnig Ss<88HEEEd tRi £RE TR %r resonat ors.
For conponents, the quality factor serves as a neasure of the purity of
the react ancPPYHaRhg Lol sfeft 456861 1nAB EsHpbheitte AldrYcd® be 15
degraded due_to parasitics. In an actual configuration, there are always
sone physi caf2F&dy stlortdrq Hadugter - dhssapat etpoiretort Herabyrdecr easi ng t he
power that can be recovered. The quality factor Qis dinensionless. A Q
val ue of gredt@ichdranisl@fiigiedonsi delédweer High/Bhrwiradinsd@setie i nduct or s
that are nmounted on the surface of

5 the energy that is stored in the reactive portion of the

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

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

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

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

between about 3 and 10. .




Printed Crcuit Boards. For inductors that formpart of an integrated
circuit, the Qvalue is typically in the range between about 3 and 10. 6 5
Oct ober 2004 In creating an inductor on a nonolithic substrate on which
addi ti onal sem conductor devices are created, the parasitic capacitances
that occur as part of this creation |imt to about 10 the quality factor
that can be achieved 5 for the inductor using the converit itt&esi EPe6n
process. This limtation is, for many applications, not acceptable.
Dependent on the freque at _whi he LC circui

[ equer clé ‘fﬁh .S, deiﬂjsc%neqlC to
resonate, significant]ly 1ag8f vRFIESCH RqRal ey ¥ Htto s RS ER t4s OFor
i nstance 100 .or .nor 27 nust _be 1Q available. Prior Art has in this been
limted to cPaHit r‘?gﬁ VHEed SETRCGRENCHBEl feY1FeR 1Te Geadssar 406 units,
and in integrating these separate units with the surrounding device
functions. TR@Hidgdt €SB Ladeaft Afes PRV cam Rrrt bt diied oWisanria8i ng t he
monol i thic construction of 15 creating both the inductor and the
surroundi ng HeWted® gpousnd Oatdiet ABadahE Serteovnduct orars lisstacktieve®he non-
monol i thi c approach al so has the disadvantage that additional wiring is
required5to o vt nimeictcre usibg 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 or more, must be
10 available. Prior Art has in this been limited to creating
values of higher quality factors as separate units, and in
integrating these separate units with the surrounding
device functions. This negates the advantages that can be
obtained when using the monolithic construction of
15 creating both the inductor and the surrounding devices on
one and the same semiconductor substrate. The non-
monolithic approach also has the disadvantage that
additional wiring is required to interconnect the sub-
components of the assembly, thereby again introducing
20 additional parasitic capacitances and resistive losses
over the interconnecting wiring network. For many of the

applications of the RF amplifier, such as portable battery

powered applications, power consumption is at a premium




conponents of the assenbly, thereby again introducing 20 additional
parasitic capacitances and resistive | osses over the interconnecting
wiring network. For many of the applications of the RF anplifier, such as
portable battery powered applications, power consunption is at a premum?7
5 October 2004 and nust therefore be as |ow as possible. By raising the
power consunption, the effects of parasitic capacitances Cattgbessk8ftve
power |oss can be partially conpensated but there are Iimtations to even
t hi s approach. . These r%ble take_on even greater urgency with the rapid
expansi on of 2} MEs SEFRHOCA: PEn8SsheN a8 BoFtHbie HYel=prdRes tBRd t he
i ke. Wreless communications is a _rapidly expanding market, where the
i nt egrati on RAYFF CAUFHBEREACEd ENPcBEFSCES BRePafatHel APacHpeREsht 10
chal l enges. One of the approaches is to significantly increase the
frequency ofaRfpeiatlissi vico Poweri Aseaneant ke pPraptRl bf cdmemsededGhzt For
such high frequencies, the values of the quality factor obtained from
si | i con- basedheindnrst drigides isignibi eman| yhitle gruapiethcorrhasel i cations in 15
this frequency range, nonolithic inductors have been researched using
ot her thén sitoldamsasaklee draseehogreheer urgency with the rapid
expansion of wireless applications such as portable
telephones and the like. Wireless communications is a
rapidly expanding market, where the integration of RF
integrated circuits is one of the most important
10 challenges. One of the approaches is to significantly
increase the frequency of operation to for instance the
range of 10 to 100 GHz. For such high frequenciesg, the
values of the gquality factor obtained from silicon-based
inductors are significantly degraded. For applications in
15 this frequency range, monolithic inductors have been
researched using other than silicon as the base for the
creation of the inductors. Such wmonolithic inductors have
for instance been created using sapphire or GaAs as a
base. These inductors have a congiderably lower parasitic
20 capacitance than their silicon counterparts and therefore
provide higher frequencies of resonance of the LC circuit.

Where however more complex applications are required, the

need still exists to create inductors using silicon as a




creation of the inductors. Such nonolithic inductors have for instance
been created using sapphire or GaAs as a base. These inductors have a
considerably | ower parasitic 20 capacitance than their silicon counterparts
and therefore provide higher frequencies of resonance of the LC circuit.
Wher e however nore conplex applications are required, the need stil

exists to create inductors using silicon as a 8 5 Cct ober REdbesubBsDiat e.
For those applications, the approach of using a base material other than
silicon has proven to be too cunbersone while for instance GaAs as a

medi um f or tﬁé@stcl’rae%@c-i Frrofthosri eordicpbionayi tles Jrpraagletofa usdgdnkcal 5
chal l enge that needs to be addressed. The incorporation of RF inductors

wi t hout sacr?3seinprerdai eeshger tbaraAééidor has spihstemtte es$es has been
extensively researched in recent years. Sonme of the 10 techniques that have
been used forunbgrsapprdddie ifioe] ddetancet BeAsedecd imelinendfdmgheby et chi ng)
of the silicon wunderneath the inductor (using nethods of mcro- machining)
t her eby r enovfiertisubstfy atemipandsictbe dbfreéceés is uss ngetmd tigadilcayer s of
metal (such as alum num 15 interconnects or of copper danmascene

i nterconmectshallenge that needs to be addressed.

The incorporation of RF inductors without sacrificing
device performance due to substrate losses has been
extensively researched in recent vears. Some of the

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

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

is frequently used in semiconductor metallization) since




- using a high resistivity silicon substrate thereby reducing resistive

| osses in the silicon substrate, since resistive substrate |osses forma
dom nant factor in determining the Q value of silicon inductors 20 - using
nmetals that are particularly adaptable to the process of the formation of

i nductors, a concern is thereby however raised by the use of AlCu (a netal
that is frequently used in sem conductor netallization)s Sictcee® 300t ober
2004 Al Cu has higher resistivity than gold (Au) netallization that is

frequently used_in GaAs technol ogy enpl oying biased wells underneath a
spi ral conduct 84| h&&r Ridigey aF s OLRL ¥¥jides WBRmparldr nad) gretmbl SiiEds 5
between the spiral inductor and the silicon substrate, and creating an

active inducti #8aEokPohtptueiaty sigad dire$aMsheéeehnotpgrgal properties of an
inductor as it is applied in active circuitry; this approach however 10
resul ts in hi ghmpdugingobsased ol by e rdmeditet ar sphdal ncon@istoper f or mance
that is unacceptable for | ow power, high frequency applications The above
listing of reseakebedngl t&FNahd 8Sd$ dObatterned ground shields
5 between the spiral inductor and the silicon substrate,
and
- creating an active inductive component that simulates
the electrical properties of an inductor as it is
applied in active circuitry; this approach however
10 results in high power consumption by the inductor and in

noise performance that is unacceptable for low power,

high frequency applications

The above listing of researched alternatives is not
15 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 freguency of the LC self-resonance
thereby increasing the frequency range over which the
20 inductor can be used, and
3) reduce the surface area that is required for the

creation of the inductor.

10




15 neant to be conplete or all inconclusive. The above approaches have as
common obj ectives to: 1) enhance the quality (Q value of the inductor 2)
i ncrease the frequency of the LC self-resonance thereby increasing the
frequency range over which the 20 inductor can be used, and 3) reduce the
surface area that is required for the creation of the inductor. 10 5

Cct ober 2004 The inductor of the invention addresses the ahjobeti zes4t hat
have been |isted above and provides for a method of creating an inductor
that sharply reduces the surface area that is required for the inductor.
The nethod 5 of tHe iifBIRtcEn ofr Eheednyenbiencaddsysges theduct or, which

has performance characteristics that differ sharply from

t he performance

char act eri stPelediives yyiadahaygi bgen ilndbuefoabohatand mwrmdtded ifrraapl ane
that is parallel with the surface of the substrate. The vertical spiral
i nduct or 10 wfthdre ahvemEtdmouses iodnreot phacesisespof raduddsevelke

i nterconnect to create the return patterns of the spiral,

the return

patterns areswefddecalras thhatedpeetqtiortlesplatige diaddsurihacaethotine

substrate. The el ectromagnetic field

5 of the invention creates a vertical spiral inductor, which

has performance characteristics that differ sharply from

the performance characteristics of a typical spiral

inductor that is created in a plane that is parallel with

the surface of the substrate. The vertical spiral inductor

10 of the invention uses current processes of multilevel

interconnect to create the return patterns of the spiral,

the return patterns are vertical with respect to the plane

of the surface of the substrate. The electromagnetic field

of the vertical return sections of the spiral inductor

15 1limit the resistive losses that are typically obtained in

the silicon substrate since the electromagnetic field of

these return sections is essentially parallel to the

surface of the substrate and does therefore not penetrate

the substrate. In addition, the surface area that is

20 required for the creation of the inductor is sharply

reduced due to its vertical construction, that is vertical

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

11




of the vertical return sections of the spiral inductor 15 [imt the
resistive losses that are typically obtained in the silicon substrate
since the electromagnetic field of these return sections is essentially
parallel to the surface of the substrate and does therefore not penetrate
the substrate. In addition, the surface area that is 20 required for the
creation of the inductor is sharply reduced due to its Svércttiobalr 2004
construction, that is vertical wth respect to the plane of the surface of
the substrate. 11 5 Cctober 2004 Fig. la shows a top view of a Prior Art
horizontal spfrdl FAJERPH? ?StOFSO‘fFEe‘”beftI@eP&éé’ngﬁrga}rlﬁﬁé?‘é@%aJof conduct or
25 are highlighted as follows: - 10 is the body of the inductor and
contains a chdirct iWUE oFaReri §Pme of Fheodesksn memaneteirst B conduct i ve
body 10 of the inductor 25 and is, for convenience sake and arbitrarily,
referred to %@ﬁ@4ﬂ¥Qﬁﬂﬁﬁﬂﬁﬁﬁgh@Bhﬂhehtedndacfmbhmedy 10 of the inductor 10
- 12 is a conductive connector that connects to the beginning 11 of the
conductive body 1@ athet hedyndicthe iZductor and contains a conductive

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

of inductor 25

12




- 13 is the opposing extremty of the conductive body 10 of the inductor
25 and will be referred to as the end of 15 the conductive body of the
inductor - 14 is a contact via that interconnects netal strip 12 wth the
conductive body 10 of the inductor - 16 is the spacing between the spirals
of the conductive body 10 of inductor 25 20 - 18 is the wdth of the
spirals of the conductive body 10 of inductor 25 12 5 Giekebes200404 20 is
the length of the |Iongest spiral of the conductive body 10 of inductor 25,
and - 22 is the length of the shortest spiral of the conductive body 10 of
i nduct or 25.- 20THe ttdye ‘ieewtbf of heh®rlongdet spicduct arf tthat cobsdshoiwme in
Fig. 1 is not shown in order to highlight in extensive detail all the

par anmet er s t habodmnibeof atsdettatreday tandsuch an i nduct or but nerely serves
to 10 point out the essence of the Prior Art inductor, that is: - the

geonetric shape afs the nBAYehobri 8hé hdtoPfest SH1@1 of the conductive

body 10 of inductor 25,

5
The top view of the Prior Art inductor that is shown
in Fig. 1 is not shown in order to highlight in
extensive detail all the parameters that can be
associated with such an inductor but merely serves to
10 point out the eésence of the Prior Art inductor, that
isg:
- the geometric shape of the inductor is that of a spiral
- the individual sections that make up the spiral of the
inductor alternately intersect at an angle of 90 degrees
15 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
20 extremities, and

- the body of the inductor ig contained in a plane that is
parallel to the plane of the surface of the substrate on

which the inductor is created.

13




- the individual sections that make up the spiral of the inductor
alternately intersect at an angle of 90 degrees 15 and have a length and a
wi dth and are separated by a spacing - the spiral that forns the inductor
ends in two extremties, the inductor is electrically interconnected to
surrounding circuitry by being connected to these two 20 extremties, and
- the body of the inductor is contained in a plane that 5 ©ctpaeal bebsto the
pl ane of the surface of the substrate on which the inductor is created. 13
5 Cctober 2004 Not shown in Fig. 1 is the height of each of the |inear
segrments that &6FI 88evRely F&¥m ¥ hies Hawy hsfidhite ofngachopt e liisnthei ght
can be defined as the thickness of the conductive |layer that is deposited
on the surfageognishelBts gisdtleate vedy fhemf oheslbddn of hee inddacbor . The
| ower surface of the inductor is the surface of the inductor that is
paral l el to the Qursf dedgift tdea debsefahedaand thatthickeldsest the t he
surface of the substrate, the upper surface of the inductor is the surface
of the inductardd: itvatl dyerpatall ek tepbhetsdrdmcendisidmsubst rate and
t hat
5 substrate for the formation of the inductor. The lower
surface of the inductor is the surface of the inductor
that is parallel to the surface of the substrate and that
is closest to the surface of the substrate, the upper
surface of the inductor is the surface of the inductor
10 that is parallel to the surface of the substrate and that
is furthest removed from the surface of the substrate. The
distance between the upper surface and the lower surface
of the inductor as measured in a direction that is
perpendicular to the plane of the substrate is the height
15 of the inductor. A crosg section of the inductor that is
taken in a plane between the upper and the lower surface
of the inductor shows the geometric shape of the inductor,
which is the shape of a spiral. The height of the inductor

of Prior Art is essentially the same along the spiral of

20 the inductor.

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

Helix coil.

14




is furthest renoved fromthe surface of the substrate. The distance
bet ween the upper surface and the | ower surface of the inductor as
nmeasured in a direction that is perpendicular to the plane of the
substrate is the height 15 of the inductor. A cross section of the inductor
that is taken in a plane between the upper and the | ower surface of the
i nductor shows the geonetric shape of the inductor, wlizhdtppehe8bape of
a spiral. The height of the inductor of Prior Art is essentially the sane
along the spiral of 20 the inductor. US 5,936,2.98 (Capocelli coil.
t eaches process fl&f % H#,i680cdiliingl4S5r@ctuber a290galiS &5 576, §BOcERENQ)
Structure and fabrication process of inductors on sem conductor chip,
shows a vertéotandoidors See seigsondectbroughpdcshdbsm ardaliicalceilwi th a
core. 5 US 5'372,967 (Sundram) - Method for fabricating a vertical trench
i nduct or, shoss Eigeert ixaltHrosbh 4e0i h1pbogeBs] i WS &i1884,t99Q (Bueghartz et
al.) shows another 10 vertical coil process. SUMVARY OF THE | NVENTI ON

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

vertical trench inductor, shows a vertical trench coil

process.

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

10 vertical coil process.

SUMMARY OF THE INVENTION

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

substrate.,

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

the underlying substrate.
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A principle objective of the invention is to reduce 15 the surface area
that is required for the creation of an inductor on the surface of a
silicon sem conductor substrate. Another objective of the inventionis to
create an 20 inductor on the surface of a silicon sem conductor substrate
whereby the el ectromagnetic field of the inductor has sharply reduced
resistive | osses induced by the underlying substrate. ¥ detGrkebero2004 In
accordance with the objectives of the invention a new nmethod and structure
is provided for the creation of an inductor on the surface of a silicon
sem conduct or suBstacmcEdaTive Wadtctbe Phjefttpis abf dés gmventiéreby the 5
pl ane of a cross section of the inductor that reflects the spiral design
of the inducter tiefhpyer perdistuiatutre fheprpladed ofort htheurderltyiongofubst r at e.
The first enbodi ment of the invention provides a nethod of creating a
vertical spurandumhoot en wheh sultiftaceoadueat 91 1 il heembhemsecand 10
enbodi nent of the invention provides a nethod of creating a vertical
spiral inductusstatte t IThe daddueber iwi dt hspivher ebys fpr r airgReli enheat eri al
is incorporated in the
5 plane of a cross section of the inductor that reflects the
spiral design of the inductor is perpendicular to the
plane of the underlying substrate. The first embodiment of
the invention provides a method of creating a vertical
spiral inductor with thin conductor width. The second
10 embodiment of the invention provides a method of creating
a vertical spiral inductor with thin conductor width
whereby ferromagnetic material is incorporated in the
creation of the inductor. The third embodiment of the
invention provides a method of creating a vertical spiral
15 inductor with wide conductor width. The fourth embodiment
of the invention provides a method of creating a vertical
gpiral inductor with wide conductor width whereby
ferromagnetic material is incorporated in the creation of
the inductor. The fifth embodiment of the invention
20 provides two vertical spiral inductors that are connected
in series. The sixth embodiment of the invention provides

two vertical spiral inductors that are connected in series

whereby ferromagnetic material is incorporated in the
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creation of the inductor. The third enbodi ment of the invention provides a
nmet hod of creating a vertical spiral 15 inductor with w de conductor w dth.
The fourth enbodi nent of the invention provides a nmethod of creating a
vertical spiral inductor with wi de conductor w dth whereby ferronagnetic
material is incorporated in the creation of the inductor. The fifth
enbodi nent of the invention 20 provides two vertical spisr@ctohduc2ob4 that
are connected in series. The sixth enbodi ment of the invention provides
two vertical spiral inductors that are connected in series whereby
f er r omagnet | GRS A ithe AndrEbPEt eBhE nse RN Skostigisa 260aher eati on of
the inductor. The seventh enbodi ment of the invention provides for the
creation of WBvaRlicdalbpreyilidaes fpndubeorrehbiomast @ cmdticadt sparal
protruding spirals. The eighth enbodiment of the invention provides for
the 5 creatiowuwfter réetti bak spoaktinductworof hatotimsidionbispedaleit h a
hori zontal spiral inductor whereby ferromagnetic materials are
i ncor por at edrhen eilghtér eabicdimehtt bé veet iwednt iddyedicor dskefeby thbe _
hori zontal spiral inductor is overlaying the vertical spiral inductor. The
ni nth 10senhotia®Enhn of theeraventi spipadvig@scier dia Geabh®anefl a

with a horizontal spiral inductor whereby ferromagnetic

materials are incorporated in the creation of the vertical

inductor whereby the horizontal spiral inductor is

overlaying the vertical spiral inductor. The ninth

10 embodiment of the invention provides for the creation of a

vertical spiral inductor that is combined with a

horizontal spiral inductor whereby ferromagnetic materials

are incorporated in the creation of the vertical inductor

whereby the horizontal spiral inductor is in the plane of

15 the top surface of the vertical spiral inductor.

BRIEF DESCRIPTICON OF THE DRAWINGS

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

20 spiral conductor.

Fig. 2 addresses a vertical inductor of the invention

that uses thin conductor width, as follow:
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vertical spiral inductor that is conbined with a horizontal spiral

i nductor whereby ferromagnetic materials are incorporated in the creation
of the vertical inductor whereby the horizontal spiral inductor is in the
pl ane of 15 the top surface of the vertical spiral inductor. BRIEF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows a top view of a Prior Art

hori zontal 20 spiral conductor. Fig. 2 addresses a vertiscaktbbductoo4of the
i nvention that uses thin conductor width, as follow 17 5 Cctober 2004 Fig.
2a is a right hand extended three-dinensional view of the vertical

i nductor of the ifigenticorswat Kightshanf evrehdedrtiviegt-dimgrBignalb shows a
top view the vertical inductor of the invention with a small conduct or

wi dth. Fig. Zewhdwha oegssceécindnctor anf Velok riectdndgmicof witheaverti cal

i nductor of the invention with a small 10 conductor width. Fig. 2d shows a
Cross secti amall achddicteet wadtbf the vertical inductor of the invention
with a small conductor w dth.

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

invention with a small conductor width.

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

10 conductor width.

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

vertical inductor of the invention with a small conductor

width.
15
Fig. 3 addresses a vertical inductor of the invention
that uées small conductor width whereby furthermore
ferromagnetic material 1s incorporated, aé follow:
20 Fig. 3a is a right hand extended three-dimensional

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

incorporated.
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15 Fig. 3 addresses a vertical inductor of the invention that uses snall
conductor w dth whereby furthernore ferromagnetic material is incorporated,
as follow 20 Fig. 3a is a right hand extended three-di nmensional view of
the vertical inductor of the invention with a small conductor w dth
whereby ferromagnetic material is incorporated. 18 5 Cctober 2004 Fig. 3b
shows a top view the vertical inductor of the inventiors widthbarspabh
conductor wi dth whereby ferromagnetic material is incorporated. 5 Fig. 3c
shows a cross section in an X-direction of the vertical inductor of the
invention with a il [3b céweigcrotoni diBwwhee ebyrf eralonaghettios wit eheal s

i ncorporated. 10 Fig. 3d shows a cross section in an Y-direction of the
vertical i nduttentish theh avenailidnconthcaosmaldth cdrgtettyor wi dt h wher eby
ferromagnetic material is incorporated. 15 Fig. 4 is a right hand extended
t hr ee- di nensfenaimagries cofnattleeiver t ecahconpocdosd of the invention with a

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

incorporated.

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

incorporated.

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

large conductor width.

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

incorporated.
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| arge conductor width. Fig. 5 is a right hand extended three-di nensi onal

20 view of the vertical inductor of the invention with a | arge conduct or

wi dt h whereby ferromagnetic nmaterial is incorporated. 19 5 Cctober 2004
Fig. 6 addresses a vertical inductor of the invention whereby two vertical
spiral inductors are connected in series, as follow 5 Fig. 6a is a right
hand extended t hree-di mensional view of vertical inductori@deheippyention
whereby two vertical spiral inductors are connected in series. Fig. 6b
shows a top view the vertical inductor of the 10 invention whereby two
vertical spiral ifiductioresidaessesoaneetreédcah Sediesor Fig.tIBC isivews iancr 0ss
section in an X-direction of the vertical inductor of the invention

wher eby two ilenarit itoal wpitrialali sgdebdr Snanetspanecsd esbrire 83 5. Fig. 6d
shows a cross section in an Y-direction of the vertical inductor of the

i nvention whesehys t ws Afntdwcal spiral inductors are connected in series.
20

5 Fig. 6a is a right hand extended three-dimensional

view of vertical inductor of the invention whereby two

vertical spiral inductors are connected in series.

Fig. eb shows a top view the vertical inductor of the
10 invention whereby two vertical spiral inductors are

connected in series.

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

15 wvertical spiral inductors are connected in series.

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

20
Fig. 7 is a right hand extended three dimensional

view of vertical inductor of the invention whereby two

20




Fig. 7 is a right hand extended three di nensional view of vertical inductor
of the invention whereby two 20 5 October 2004 vertical spiral inductors
are connected in series whereby furthernore ferronagnetic naterial is
incorporated. Fig. 8 addresses an inductor of the invention whereby 5 the
spirals of the inductor protrude fromthe vertical plane of the inductor,
as follows: Fig. 8a shows an expanded three-di nensi onal o reibbesi deoywi ew of
a vertical inductor of the invention whereby 10 the spirals of the inductor
progressively protrude from the body of the inductor. Fig. 8b shows an
expanded t hreectigansitomall Badkstdes eirewcofnectet tircalerirdueherebf t he

i nvention whereby the 15 spirals of the inductor progressively protrude
fromthe badiyridfernied féuctoragnEicdge Setshbak fs cimssEeatcitedn in an

X-di mension of a vertical inductor of the invention whereby the spirals of
20 the inductor progressively protrude fromthe body of the inductor. 21 5
Oct ober 2004

Fig. 8 addresses an inductor of the invention whereby

5 the spirals of the inductor protrude from the vertical

plane of the inductor, as follows:

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

the body of the inductor.

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

bedy cof the inductor.

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

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

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

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

i nductor is connected in series with a vertical 10 spira gotduet-obooki g. 9b
shows a cross section taken in a plane that is perpendicular with the
surface of the underlying substrate of an inductor of the invention

wher eby a 15 hor iEdmnt @ asisineslseisnductpduisor onhethte diriversakine sheicthya
vertical spiral inductor. Fig. 10 addresses an inductor of the invention
wher eby a convemtvaralonwdr hoantzahtapi spkréhdiwdwscds 20 eaineadwathh a
vertical spiral inductor of the invention whereby the horizontal inductor
is |ocated ia tdwetjpaAnemdfralt hadtepokayer tpé 1Meemerdr Galerabgueher, as
follows: 22 5 COctober 2004 Fig. 10a shows a three dinensional expanded
right hand ndewwoitan idmkdeber cobrt B9si PNENTE LN WEr 8RR or, as

5 follows:

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

10 spiral inductor.

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

15 horizontal spiral inductor is connected in series with a

vertical spiral inductor.

Fig. 10 addresses an inductor of the invention

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

the top layer of the vertical inductor, as follows:
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hori zont al

spiral inductor is connected in series with a vertical s

i nductor whereby furthernore the 5 horizontal inductor is |located in
pl ane of the top I|ayer of the vertical inductor. Fig. 10b shows a c

section taken in an X- direction in a plane that

10 surface of the underlying substrate of an inductor of the invent
whereby a horizontal spiral inductor is connected in sefiRscwet-h2804
vertical spiral inductor whereby furthernore the horizontal inducto

| ocated in

the plane of the top |layer of the vertical inductor. 15

piral
t he
r oss

i s perpendicular with the

i on

ris

DESCRI PTI ON OF THE dRREPERREDWENBODh MEMTS! fMidnes prroclke sscpaindelde riigent i on wi | |
be highlighted by concentrating on the geonetric and constructi onal
details 20 End heieor edt ban iafiutheri aduther iwferidioor MRAeibgna Processing
steps that are required to inplenent these structural details wll
hi ghl i ght ed Heafi geeasanspafralstiapltebtyiwhibenddt addid iserithegerpr acessi ng
steps are 23 5 Cctober 2004 well established in the art. Anpbng these
processi ng SEaRs cAr @pitrans i8hudepesihi P e shdndlielget ric and the

5

i0

15

20

horizontal inductor is located in the plane of the top

layer of the vertical inductor.

Fig. 10b shows a cross section taken in an X-
direction in a plane that is perpendicular with the
surface of the underlying substrate of an inductor of the
invention whereby a horizontal spiral inductor is
connected in series with a vertical spiral inductor
whereby furthermore the horizontal inductor is located in

the plane of the top layer of the vertical inductor.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process of the invention will be highlighted by
concentrating on the geometric and constructional details
of the creation of the inductor of the invention.
Processing steps that are required to implement these
structural details will not be highlighted for reasons of

simplicity while in addition these processing steps are

23
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patterning and etching of openings in these |ayers of dielectric whereby

t hese openings are aligned with 5 underlying patterns. To include these
processing steps in the description of the inventions would require the
entry of state of the art conditions of deposition, patterning and
etching that would make the current document unnecessarily cunbersone while
not providing added value 10 that relates to the process cef-cbbe boyention.
Referring now specifically to Fig. 2, Figs. 2a through 2d address a
vertical inductor of the invention that uses small conductor width. 15
Fig. 2a is agilgmstisdid sdedendethehree- dhinensi Omde priewssfinphetepsti cal

i nductor of the invention wwth a small conductor wdth. 20 In order to
facilitate tdwes foldpnialg ddipesussngndayehe of afidlieartciancept tak

t hree-di nensi onal Cartesian coordinates is briefly discussed with an
enphasi s on grwer-hese angoretdichdhgs ofl bbehendis eth fiieddha sStdhjseet di scussi on.
24 5 Cctober 2004 conductor and starting with the nunber 21, these

hori zontal chinsueiaris arerkher ehose bpeSefyenses CONAHEDRS th

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

10 that relates to the process of the invention.

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

that uses small conductor width.

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

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

these coordinates will be used for the subject discussion,
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21, 23, 25, 27, 29, and 31 - 20" is the length of the lower |ayer 22 of the
5 conductive material that forns the body of the inductor - 211 is the
width of the |ower |ayer 22 of the conductive material that forns the body
of the inductor - 22" is the first of two connectors to the body of the

i nductor 10 - 231 is the second of two connectors to the body of the

i nductor - 241 is the thickness of the conductive materisgalht-Bakr bopps the
body of the inductor - 251 is the distance between adjacent |ayers of 15
conductive material, and - 26" is the dielectric that is deposited between
t he adj acemorndymry endcendutctingewimahethal nuilber |2y erchi22e s the first

| ayer that is. created in a 20 |layer of dielectric. The technology that is
used to credieizmysal22onsiuchersoayent henat ot € ciimnaagieridaaiconguctdsed to
create interconnect lines in a layer of 27 5 Cctober 2004 dielectric. Layer
22 may be crzat ext dizsectal7y ao,t hed surface of a substrate or may be created
on the surface

- 20’ is the length of the lower layer 22 of the
5 conductive material that forms the body of the inductor
- 21’ is the width of the lower layer 22 of the conductive
material that forms the body of the inductor
- 22’ 1is the first of two connectors to the body of the
inductor
10 - 23’ is the second of two connectors to the body of the
inductor
- 24’ is the thickness of the conductive material that
forms the body of the inductor
- 25’ is the distance between adjacent layers of
15 conductive material, and
- 26’ is the dielectric that is deposited between the

adjacent layers of conductive material.

The layer 22 is the first layer that is created in a
20 layer of dielectric. The technology that is used to
create layer 22 is the conventional technology that is

used to create interconnect lines in a layer of

27




of a layer of dielectric (not showm in Fig. 2a) that has first been
deposited on the surface of a substrate. If a 5 |layer of dielectric is
deposited before the layer 22 is formed in a second | ayer of dielectric,

t he body of the inductor is further renmoved fromthe underlying silicon
substrate thereby reducing resistive |losses that are suffered by the

el ectromagnetic field of the inductor. 10 This reduction is however not as
pronounced as a simlar reduction that can be achieved for the inductor of
Prior Art since the electromagnetic field of the inductor of the
invention that is shown in Fig. 2a is essentially parallel to the surface
of the underlying substrate and 15 therefore does not intersect to a
significant degree wth that surface. O inportance to the process of the
invention is the creation of the first or |owest |ayer of the connecting
20 vias 21 and 31. After |ayer 22 has been forned as indicated above, a
second | ayer of dielectric is deposited over the surface of |ayer 22, this
second | ayer of dielectric is patterned such that openings for the |ower
28 5 October 2004 sections of the connecting conductors 21 and 31 (on both




extremties of the layer 22 and covering the layer 22 over its wdth 21")
are formed in the second |ayer of dielectric. The second | ayer of
dielectric has a thickness 5 that essentially equals the distance 25

bet ween layer 22 and the overlying |ayer 24. The process is then conti nued
by the deposition of a third | ayer of dielectric, this third | ayer of
dielectric as patterned and etch creating openings for sl apespd4 anmgly f or
extensions of the connecting 10 conductors 21 and 31 that overlay the first
openi ngs that have been created in the second |ayer of dielectric for the
connecti ng condietersrd. dml<31.22Thiey peocesated diepealedn ateat i ng
increasingly smaller openings for the horizontal conductors. The spiral

shaped body of sth&add dhduchOsstaaitd pr hiay BanBeeabed cseatied, swaffese t he
| evel of the spiral of the inductor that is created in this manner is

hi gher than thefcentgyedfot hei SRR Of(nblRe shBIHCLAT Fig s hasH Z0mH-al
conductors increase in size to formthe upper part of the spiral, all the

whi | e creatinge2PsOVSEd YA hLREY RS the sLRea6angecli fig, SoRduUCt o i al .
| nput / out put connectors 22" and 23' are created in simlar nmanner and in

the desiged | ogabipnse of; d NG d.NAGLOGMRNY e at BELSAUBRE OLERSL NG Sieps Of

dielectric depositions (to 29
formed in a second layer of dielectric, the body of the
inductor is further removed from the underlying silicon
substrate thereby reducing resistive losses that are
suffered by the electromagnetic field of the inductor.

10 This reduction is however not as pronocunced as a similar

reduction that can be achieved for the inductor of Prior
Art since the electromagnetic field of the inductor of
the invention that is shown in Fig. 2a is essentially
parallel tc the surface of the underlying substrate and

15 therefore does not intersect to a significant degree

with that surface.

Of importance to the process of the invention is the
creation of the first or lowest layer of the connecting
20 wviag 21 and 31. After layer 22 has been formed as
indicated above, a second layer of dielectric is deposited
over the surface of layer 22, this second layer of

dielectric 1s patterned such that openings for the lower
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5 Cctober 2004 formthe spacings between the conductors of the inductive
spiral) and dielectric patterning for the conductors and the connecting
conductor vices. 5 The small conductor width of the invention is a width
21' (Fig. 2a) that is between about 4 and 6 tinmes the height of |ayer 22,
Fig. 2a. In further addressing the nethod in which the 10 vertical spiral

i nductor of the invention is created, it 1is inportant to differentiate
bet ween a nunber of sections of the inductor, as follows: 1) the | ower
hori zontal conductor 22 is created first and as indicated above, no steps
of repetition are-involved in 15 the creation of |ayer 22 2) once the

| ower horizontal conductor 22 has been created, the | ower section of the
inductor is created where the l-ower section of the inductor is the section
that is between the surface of |layer 22 and bel ow vertical 20 interconnect
27. This process of creating the lower section is a repetitive cycle

wher eby horizontal conductors of decreasing |length are created overl aying
30 5 Cct ober 2004




| ayer 22 while at the sanme tinme creating vias for the extension of the
vertical conductors 21, 23, 29 and 31 3) after the | ower section has been
created, the first input/output connector 28 is created by creating the 5
vertical interconnect 27 (which connects the first 1/O connector 28 to the
spiral of the vertical inductor) after which the first 1/0 connector 28 is
created 4) after the first 1/0O connector has been creat edodtbeeruppes
section of the inductor is created where the upper 10 section is the
section that is | ocated between the surface of the first I/O connector 28
and the top atftfimns of tthe cpasechéngzoondlhctons Rt emdB31 Tensbptbcess of
creating the upper section is a repeat process whereby horizontal

conduct or s dcfxtimmrigdsisngfl chgt hagee Beahédcdhatimyateaayalert be direst 1/ 0
connector 28 while at the sanme tinme creating vias that serve as extensions
of vertical conoucttdr 21'Therepfoernsd Of theadédshd NeywpPIE section of the
helix coil wuses the creation of dual damascene patterns where the trench

of the dual dicmascene .patkesacbainbaiehost Z@Nd B2 CoRAUGt ehiwhhLest he
vias of the dual danmascene patterns formthe extended vertical conductors

5) afterSth&ﬂﬂﬁp%%s%%%ththééugﬁﬁntﬁQn@l§$éﬁhetﬂya $Redn hhQecoppector 34
is created by depositing a |l ayer of
and the overlying layer 24. The process is then continued
by the deposition of a third layer of dielectric, this
third layer of dielectric as patterned and etch creating
openings for layer 24 and for extensions of the connecting
10 conductors 21 and 31 that overlay the first openings that
have been created in the second layer of dielectric for
the connecting conductors 21 and 31. This process is
repeated, creating increasingly smaller openings for the
horizontal conductors. The spiral shaped body of the
15 inductor can in this manner be created, after the level of
the spiral of the inductor that is created in this manner
is higher than the center of the spiral of the inductor,
the horizontal conductors increase in size to form the
upper part of the spiral, all the while creating
20 overlaying openings for the connecting conductor vias.
Input/output connectors 22’ and 23' are created in similar

manner and in the desired locations of the inductor using

the same processing steps of dielectric depositions (to

29




31 5 Cctober 2004 dielectric, creating an opening in this |ayer of

dielectric that is used to connect the second I/O connector to the
remai ni ng vertical conductor 21 that is up to this point as yet not
connected, depositing a second 5 layer of dielectric and patterning and

etching the second

thensel ves to repetition to the point where certain sections of the
i nduct or havexredmec eppkéengd. betwesnf tin¢ hesndictiornergstthieoindticeevé hat t he

vi ew of

15 the vertical inductor that is shown in Fig. 2ais a right

| /O connector 34 in this second |layer of dielectric. 10
Fromthe above it is clear that sonme of the processingscyekgsefosicéhe
creation of the vertical spiral are one tine cycles while others |ead

hand

vi ew of the dpidudt)orndFaaslebtsitt photéombnd hadr weld icealducendyciaas can be
differentiated between right hand vertical conductors and |eft-hand

verti cal

canlcicpmectfay tBatapeer ¥e4dical conductor 31 is a 20

ri ght-hand vertical conductor that overlays the surface of |ayer 22 on a

ri ght-hand vertical contact area in the surface of |layer 22, vertical
21 is a left-hand

conduct or
5

10

15

20

The small conductor width of the inventicon is a width
21’ (Fig. 2a) that is between about 4 and 6 times the

height of layer 22, Fig. 2a.

In further addressing the method in which the
vertical spiral inductor of the invention is created, it
is important to differentiate between a number of sections
of the inductor, as followé:

1) the lower horizontal conductor 22 is created first and
as indicated above, no steps of repetition are involved in
the creation of layer 22

2) once the lower horizontal conductor 22 has been
created, the lower section of the inductor is created
where the lower section of the inductor is the section
that is between the surface of layer 22 and below vertical
interconnect 27. This process of creating the lower
section is a repetitive cycle whereby horizontal

conductors of decreasing length are created overlaying

30




vertical conductor that overlays the surface of |ayer 22 32 5 Cctober 2004
on a left-hand vertical contact area in the surface of |layer 22. It is
finally interesting to note that the coil- |ike nature of the inductor
beconmes clear best by starting wth the first I/O connector 28 and from
there followwng 5 the alternating vertical and horizontal conductors in a
cl ockwi se rotation until the second |I/O connector 34 iss reaebed. 260g. 2b
shows a top view the vertical inductor of the 10 invention with a thin
conductor width. The top viewis taken in the direction of the Z-axis, that
i s | ooki ng dgifer 22 thd 1gi pécthensahet hemesubstatairg tilver doy kbeki ng down on
pl ane 34 of Fig. 2a. In such a top view, the 1/O connectors 22' and 23’
are vi si bl e extamdiccatcdd the Fegtidbl2bon@igto2e Xhovks ,a 29 dedview t aken in
the Y-direction (that is |looking at the X-Z plane of Fig. 2a) of the

spi ral inducilorafufert el Averti sectThe Sadebadewddmied,s theh@wrshi ghl i ghts
not only the I/O interconnects 22' and 20 23" but al so shows a cross

ﬁecti on of tiguorditghitveonhayebs andighersorveddy nLeNdYckae Vi as t hat
ave
5 wvertical interconnect 27 (which connects the first I/0
connector 28 to the spiral of the vertical inductor) after
which the firgt I/0 connector 28 is created
4) after the first I/0 connector has been created, the
upper gection of the inductor is created where the upper
10 section is the section that is located between the surface
of the first I/0 connector.zs and the top surface of the
last horizontal conductor 32. This process of creating the
upper section is a repeat process whereby horizontal
conductors of increasing length are created that overlay
15 the first I/0 connector 28 while at the same time creating
vias that serve as extensions of vertical conductors. The
process of creating the upper section of the helix coil
uses the creation of dual damascene patterns where the
trench of the dual damascene pattern forms a horizontal
20 conductor while the vias of the dual damascene patterns
form the extended vertical conductors

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

I/0 connector 34 is created by depositing a layer of
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previously been indicated in Fig. 2a and that formthe inductor of the

i nvention. The conductor height 27" is 33 5 Cctober 2004 al so indicated.
Underlying the body of the vertical inductor of the invention is the
silicon substrate 10", layer 15 of passivation material is deposited over
the surface of the conpleted vertical inductor of the 5 invention. Fig. 2d
shows a top view taken in the Z-direction (that is | ooki pgtabetheode Y

pl ane of Fig. 2a) of the spiral inductor of the invention. The regions
that are 10 highlighted in Fig. 2d have previously been identified

i ncl udi ng t I8 edieslterdeni ¢rgétintasni sperasentn bdtivedmyelmeofconduct i ve
material that forns the body of the inductor. Layer 22 is the | ower

hori zont al cOmdegctaic kaper i84ussd tdecamppsrt hard zerbakd cgoductor. Layer 28
is the inner 15 conductor. a Fig. 3 addresses a vertical inductor of the
invention tdwhesses soBkhecosdsthOfigwrehtdy adiereadaeot-hernener is

ferromagnetic material is incorporated. The views of the 20 spiral inductor
of the invenrig ed thak benshawnyéd b . cdthected, depositing a second
5 layer of dielectric and patterning and etching the second

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

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

inductor have been completed.

It is further of interest to notice that the view of

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

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

vertical conductor that overlays the surface of layer 22
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through 3d are therefore essentially the sane as the views of the spiral

i nductor of the invention that have been 34 5 Cctober 2004 shown as Figs.
2a through 2d with the exception of the addition of the |layer 36 of
ferromagnetic material. Fig. 3a is a right hand extended three-di nensi onal
5 view of the vertical inductor of the invention with a thin conductor

w dth whereby ferromagnetic material 36 is incorporated. ofhensanegos
nunberi ng schenme and rel ated designations that have been shown in Fig. 2a
apply to Fig. 3a with the exception of the paraneter 36 for the added 10
f err omagnet i matl@fitahang gergbeshowsnipatoprgevint deveutifeak ofiduct or of
the invention with a thin conductor wi dth whereby ferromagnetic materi al
36 is incorpavated2.13tFig. £3nathpwiniaecesoistngant imte nthan Xhdi eeciion of
the vertical inductor of the invention with a thin conductor w dth whereby
f erromagnet ilcdkematrertivale 36 the iLncacpeor abesbmddhealsare bayrberi Bgasehege and

rel ated 20 designations that have been shown in Fig. 2c apply to Fig. 3c
with the exceplH aheoffitie proasBhRECSSr fH8 4de Adfedhere following
5 the alternating vertical and horizontal conductors in a

clockwise rotation until the second I/0 connector 34 is

reached.

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

inductor of the invention. The conductor height 27/ is
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ferromagnetic material. 35 5 October 2004 Fig. 3d shows a cross section in
an Y-direction of the vertical inductor of the invention with a thin
conductor wi dth whereby ferromagnetic naterial is incorporated. 5 Fig. 4
is a right hand extended three-di mensional view of the vertical inductor
of the invention with a |arge conductor width. The artwork that relates to
the third enbodinent of the invention is essentially ideotkeBbrlPotd the
artwork that has been shown as Figs. 2a through 2d, the sanme nunbering
schenme and rel ated designations that have been shown in Fig. 2a apply to
Fig. 4 withalse ladieptedn Yhdenbypad ablee dro®8.ofThdeeysentical difference
between the vertical spiral of the invention that is shown 15 in Fig. 4 is
t hat the condystagorwiodt th88infeft fon4as i she coiisicer abibgtiratgel ot haa t he
conductor width 21" that is shown in Fig. 2a. This increase in conductor
wi dt h has aslayeff act’ tliapathévetbohroaegneil cid iddmbsdfcettheveer theal spiral

i nductor is further concentrated resulting in 20 inproved performance of Q
factor, indusirgeee afdthe completed vertical inductor of the

5 invention.

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

15 conductor.

Fig. 3 addresses a vertical inductor of the invention
that uses small conductor width whereby furthermore
ferromagnetic material 1s incorporated. The views of the

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

of the spiral inductor of the invention that have been
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performance at hi gher frequencies, even though these inprovenents are

achieved at the cost of a slightly increased surface area that is required

for the creation 36 5 Cctober 2004 of the vertical spiral inductor of the
The device configuration of the vertical
is shown in Fig. 5 is identica

third enbodi ment of the invention.
spiral 5 inductor of the invention that
the configuration that is shown in Fig. 4 wth the excepbie8L9f 166

addition of ferromagnetic naterial 40 to the inductor. The ferromagnetic

mat eri al

26" of Fig. 4. Fig. 6 addresses the fifth enbodi nent of the
which is a werdiitdahn ofduatolapért he dNHvestiamgieiemabyriwo. verti cal

is

to

i nt erposed between physically adjacent |ayers of the 10 spiral
constructi omlanth eenpligbel gaothpangh atd ywitdkeshd kexcepltace of the dielectric

i nventi on,

spiral inductors are connected in series. The construction of each of the

two vertical spiral inductors can follow either the first enbodi nent of
the i nvention, whereby narrow conductor width is used, or the second

enbodi ment of theignveat 19na WGHEDYAMNAr 002 £ Hduet el nwhdt Bnyi th the

i ncorporation of ferromagnetic

5

io

15

20

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

ferromagnetic material.

Fig. 3b shows a top view the vertical inductor of the
invention with a thin conductor width whereby

ferromagnetic material 36 is incorporated.

Fig. 3c shows a c¢ross section in an X-direction of
the vertical inductor of the invention with a thin
conductor width whereby ferromagnetic material 36 is
incorporated. The same numbering scheme and related
designations that have been shown in Fig. 2c¢ apply to Fig.
3¢ with the exception of the parameter 36 for the added

ferromagnetic material.
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material is used or the third enbodi nent of the invention, whereby w de
connector width is used of the fourth 37 5 Cctober 2004 enbodi ment of the

i nvention, whereby w de conductor width with the incorporation of
ferromagnetic materials is used. Fig. 6a is a right hand extended
three-dinensional 5 view of vertical inductor of the invention whereby two
vertical spiral inductors are connected in series. The cf ikstp¥erbbheal

i nductor 42 is connected to the second vertical inductor 44 by neans of
the series connector 48. The input and output connections to the two
vertical 10 spir&id.nddctbogsi 8 prowededebion hien connectiaest4dbnand 46' . Fig.
6b shows a top view the vertical inductor of the invention whereby two
vertical spitlad viendueizdr $ndnetoeospechedihhesEidressite ¥ainhous conponents
that make up 15 the subject construction have previously been highlighted

and are hi ghidrghicedri wiBits. wlbrebl gfebton B el835i%QCtHLON in an
X-direction of the vertical inductor of the invention whereby two 20
vertical spiirdlodddduglars are connected in series. The various conponents
t hat make up the subject construction have previously been highlighted and
are highkighted in

Fig. 4 is a right hand extended three-dimensional

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

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

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

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

increased surface area that is required for the creation
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Fig. 6c. 38 5 Cctober 2004 Fig. 6d shows a cross section in an Y-direction
of the vertical inductor of the invention whereby two vertical spiral

i nductors are connected in series. 5 Fig. 7 is a right hand extended three
di rensional view of vertical inductor of the invention whereby two
vertical spiral inductors are connected in series whereby furthernore
ferromagnetic material is incorporated. The first verticakeSpt¥adodpnductor
50 is connected to the 10 second vertical spiral inductor 52 by nmeans of
the series connector 56. Input/output connectors to the two verti cal

spi ral i nductfortdel seprovaiedpbyaltonméctioss & tard thd'rd eMbbiméayest
ferromagnetic material that has been incorporated into each of the two
vertical spiuha ihbeponpactors is |abeled 58. Fig. 8 addresses the seventh
enbodi ment of the invention, that is an inductor of the invention whereby
the spirals of the inductor protrude fromthe vertical 20 plane of the

i nductor. This construction of the vertical spiral inductor further

anplifies the magnet yevitel dohhdburdsi&ONoentdated atayndyt ber geometric
center of the
5 inductor of the invention that is shown in Fig. 5 is
identical to the configuration that is shown in Fig. 4
with the exception of the addition of ferromagnetic
material 40 to the inductor. The ferromagnetic material is
interposed between physically adjacent layers of the

10 spiral construction and completely or partially takes the

place of the dielectric 26’ of Fig. 4.

Fig. 6 addresses the fifth embodiment of the

invention, which is a vertical inductor of the invention

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

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

whereby wide connector width is used of the fourth
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i nductor, thereby increasing the Q value of the inductor. 39 5 October 2004
Fig. 8a shows an expanded three-di nensional front side view of a vertical

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

| ayers of the 5 vertical inductor are |abeled 60, 62 and 64 whereby the
protrudi ng feature can be observed by noticing that signpligeet sadd ace
areas of these layers are not aligned wth the top surface 66 but extend
fromthe body of the wvertical spiral inductor by a neasurable anmount. 10
Fi g. 8b showsbadierpandédthér meveltmens, ansdrdigekdidee cordaentof aidwetiti cal

i nductor of the invention whereby the spirals of the inductor

progressi velwy thr eheudecbrporitton boflyf e rdntiyridtducarter Thes pi Ot sl ng turns
of the spiral 15 inductor are now essentially hidden fromview by the body

of the vertical spiral inductor, the input/output connectors 68/ 68 are
clearly visible. Fig. Sc shows a cross section in an X-dinension of a 20

vertical inductofigf EQelbnaefiéEE‘H!EHfg%&éﬂ&%d@E%&%E3d§ﬁen§§o§QP 68 of the
i nductor progressively protrude fromthe

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

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

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

15 the subject construction have previously been highlighted

and are highlighted in Fig. 6b.

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

Fig. 6c.
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body of the inductor. 40 5 Cctober 2004 Fig. 9 addresses an inductor of the
i nvention whereby a horizontal spiral inductor is conbined with a vertical
spiral inductor whereby the horizontal inductor overlays the vertical

i nductor. 5 Fig. 9a shows a three-di nensional expanded right hand view of
an inductor 70 of the invention whereby a horizontal spiral inductor 72 is
connected in series with a vertical spiral inductor. Fdrpherpshowgein Fig.
9a are 10 the input/output connection points 74 for the vertical i nductor,
the layers 76 of ferromagnetic material that has been inserted between the
spirals of the infdgct 6d, shhes anpubéouseuticonnecii andpeeptsor8ofor the
hori zontal inductor 72 and the point 80 of interconnect between the 15

vertical induet aferzdcandihbechberi gontieé imeiotidn tderkiog £t shows a cross
section taken in a plane that 1is perpendicular with the surface of the

underlying ~&iftSidzat @pafraanihAduedps Sfe tdsnddent i1on wherghy a 20
hori zontal spiral inductor 72 is connected in series wwth a vertical
spiral inductor 70.

5 Fig. 7 is a right hand extended three dimensional
view of vertical inductor of the invention whereby two
vertical spiral inductors are connected in series whereby
furthermore ferromagnetic material is incorporated. The
first vertical spiral inductor 50 is connected to the

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

15 connectors is labeled 58.

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

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

inductor, thereby increasing the Q value of the inductor.
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Fig. 10 addresses an inductor of the invention whereby a horizontal spiral
i nductor is conbined with a 41 5 Cctober 2004 vertical spiral inductor
whereby the horizontal inductor is located in the plane of the top | ayer
of the vertical inductor, as follows: 5 Fig. 10a shows a three dinensiona
expanded right hand view of an inductor 70 of the invention whereby a

hori zontal spiral inductor 72 is connected in series W ghg.a-Mertiedd

spiral inductor whereby furthernore the horizontal inductor 1s |located in
the plane of the top 10 | ayer of the vertical inductor. |nput/output
connections 84 fdg.tBe bhbwzoahatxsided thchecidimepianali pdosated as are
i nput/ out put connections 82 for the vertical spiral inductor 70 of the

i nvention. Hidd gichobfShOwWerei658DSEnGEEtd O AHRN inedBidn gheeehyon in a
pl ane that is perpendicular with the surface of the underlying substrate

of an inductele &QitrResi BYeRhkOMnAHEFr &bV Aditd o) }iﬁtBit'i:@Eei paygtor 72
connected in series with a vertical spiral inductor 70 20 whereby

furthernore e hori zentak §RAUCLOF, TEnd Sl OGAIAGg h13ykhe BEapReof the top
| ayer of the vertical inductor.

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

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

of the vertical spiral inductor, the input/output

connectors 68/68’ are clearly visible.

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

body of the inductor.
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42 5 Cctober 2004 Although the invention has been described and
illustrated with reference to specific illustrative enbodinents thereof,
it is not intended that the invention be limted to those illustrative
enbodi nents. Those 5 skilled in the art will recognize that variations and
nodi fications can be made w thout departing fromthe spirit of the
invention. It is therefore intended to include wthin shectayentzom al l
such variations and nodifications which fall within the scope of the
appended 10 clainms and equivalents thereof. 43 5 Cctober 2004 Clains 1. A
met hod of creati A@9a Vertilrabssepi anl induwtiotorof ¢het dinwengibor wzenelay and
vertical conductors of a wdth 5 W, said width having a direction
separ at ed by $wadizogtaflusphesl confacitdngi a4 donlsinegnd iahsacoadtioplt / out put
connector, said vertical spiral inductor containing a body that is bounded
by a base heaiizent dhdoenducivherebiwotiostiesri ueitdlcdndeenducboeslapsd said
second i nput/output connector, 10 whereby said vertical spiral inductor can
be viewed i nh& vertical inductor.
5
Fig. 9a shows a three-dimensional expanded right hand
view of an inductor 70 of the invention whereby a
horizontal spiral inductor 72 is connected in series with
a vertical spiral inductor. Further shown in Fig. 9a are
10 the input/output connection points 74 for the vertical
inductor, the layers 76 of ferromagnetic material that has
been inserted between the spirals of the inductor, the
input/output connection points 78 for the horizontal

inductor 72 and the point 80 of interconnect between the

15 vertical inductor 70 and the horizontal inductor 72.

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

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

whereby a horizontal spiral inductor is combined with a
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direction of wwdth that is parallel with said surface of said substrate
resulting in a horizontal view one of said inductor, conprising the steps
of : providing a sem conductors substrate, said substrate 15 having a
surface; depositing a base |ayer of dielectric having a surface over said
surface of said substrate; creating a base section of said vertical spiral
i nductor having a surface further having a height Hb ang %ctgg gy W,
sai d base section being created on said surface of sai ase ?ayer of
dielectric; 44 5 Cctober 2004 creating a | ower section of said vertical

spiral induet-etchavispgral heh@hdtdt wisdidhy QMR nseskbARabei Muctseat ed
overlying said surface of said base section; creating a first input/output

connector segt heBaRavi NE tRe BpNEhIM s MO ddy gk rhayi peavyspr{ace, said
first input/output section being created on said surface of said | ower

section; creali,Rgcan YRPeL1p&ELion of said vertical spiral inductor having
a surface further having a height Hu, said 10 upper section being created
on said surface of said first

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

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

inductor 70 of the invention.

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

20 whereby furthermore the horizontal inductor 72 is located

in the plane of the top layver of the vertical inductor.
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i nput/out put section; and creating a second input/output connector section
havi ng a surface further having a height Hsio, said second input/output
section being created on said surface of said 15 upper section. 2. A

nmet hod of creating a vertical spiral inductor containing horizontal and
vertical conductors of a wwdth W, said width having a direction separated
by spacing 20 further containing a first and a second i hp@tterrpLRC04
connector, said vertical spiral inductor containing a body that is bounded
by a base horizonga£ conductor, two, outer _vertical conductors and said
second i nput / out PuFREBAR et D r INVER B thetse PoEF04oRRELRBY 3BRd verti cal
spiral inductor can be viewed in a direction of width that is parallel
with said sgrtaEerafedsuibh stpstrenes teswnsci§icnialnekrebayal vi ew one of
said inductor, conprising the steps of: 5 providing a sem conductors
substrate, SAPBIIUHBEFatRCTeRNI N alsidftadettendedt thgtatbhastneeiiah of
said vertical spiral inductor having a surface further having a height Hb
and a w dt keWimshed basthoeetibimdieiaig ver eabedioansai dTsos¢ ace

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

10 claims and equivalents thereof.
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10 of said substrate; creating a | ower section of said vertical spiral

i nductor having a height H, said | ower section being created overlying
said surface of said base section; creating a first input/output connector
section having 15 a height Hfio further having a surface, said first

i nput/out put section being created on said surface of said |ower section;
creating an upper section of said vertical spiral i ndugt

surface further having a height Hu, said 20 upper sect?oﬁéggﬁﬁgq%y%%ted on
said surface of said first input/output section; and creating a second

i nput / out put connector section havingciaingdirface further having a hei ght
Hsi 0, said second 46 5 COctober 2004 input/output section being created on
said surface of said upper section. 3. The nethod of claim1 wherein said
creating a 5 base section of said vertical spiral inductor conprises the

steps of: deposihtingaambtnss J:@%’vfeé’élrﬁj%l et GaNa%bAga? 154LLAGE Over
said surface of said base | ayer of diel&ectric;
containing horizontal and vertical conductors of a width
5 Wc, said width having a direction separated by spacing
further containing a first and a second input/output
connector, said vertical spiral inductor containing a body
that is bounded by a base horizontal conductor, two outer
vertical conductors and saild second input/output connector,
10 whereby saild vertical spiral inductor can be viewed in a
direction of width that is parallel with said surface of
said substrate resulting in a horizontal view one of said
inductor, comprising the steps of:
providing a semiconductors substrate, said substrate
15 having a surface;
depositing a base layer of dielectric having a surface
over said surfaqe of said substrate;
creating a base section of said vertical spiral
inductor having a surface further having a height Hb and a

20 width Wc, said base section being created on said surface

of said base layer of dielectric;
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patterning and etching said first |layer of dielectric 10 thereby creating a
trench in said first layer of dielectric for a base horizontal conductor;
depositing a first layer of metal over said surface of said first |ayer of
dielectric thereby filling said trench; planarizing said first |ayer of
metal down to said 15 surface of said first layer of dielectric thereby
creating a base horizontal conductor said base hori zontabccopnencl @
having a surface, a length, a height, a width, a thickness and two surface
areas that are a subset of_said surface of said base horizontal conductor
and that serve S5S3ErFPPcal L9t oRRItict P Lordet varEasathaPisetupy opposite
extremties of said surface of said base horizontal conductor in a
di rection GGHCEPE BoEiREhe WrEPR: Il ssal bdswemorsezsaral betosmduct or and in
a direction of length that equals said 47 5 Cctober 2004 thickness of said
hori zont al c¥6AdGEL eVvenhEiebysaid dccunisaad cfl sedddbetser seohiaet areas can be
divided into a right nost vertical contact area and a left nost vertical
contact area sarcdedivngi antbetngimeri ettt byrhactng sacdidn viestimgal
spiral in a direction of wiwdth of said vertical spiral in a plane that is
paral |l e$ t e daidhpl HAitcofusahelr having a surface, said first

input/output section being created on said surface of said

lower section;

creating an upper section of said vertical spiral
inductor having a surface further having a height Hu, said
10 upper section being created on said surface of said first
input/output section; and
creating a second input/output connector section
having a surface further having a height Hsio, said second

input/output section being created on said surface of said

15 upper section.

2. A method of creating a vertical spiral inductor
containing horizontal and vertical conductors of a width
We, said width having a direction separated by spacing
20 further containing a first and a second input/output
connector, said vertical spiral inductor containing a body
that is bounded by a base horizontal conductor, twe outer

vertical conductors and said second input/output connector,

45




substrate. 4. The nmethod of claim 1l wherein said creating a 10 |ower
section of said vertical spiral inductor conprises the steps of:
depositing a second | ayer of dielectric over said base section of said
vertical spiral thereby including said planarized surface of said base
hori zontal conductor 15 whereby a thickness of said second | ayer of
dielectric equals said spacing between said horizontal saodtslae¢d 2merti cal
conductors; patterning and etching said second | ayer of dielectric thereby
creating openings in said second | ayer of 20 dielectric that align with
said verti *ReTEdt et darensical Smlerbaswlumk: eanabecyhduedotn @epositing
a third layer of dielectric over said second |ayer of dielectric; 48 5
Qct ober 2004 rgatiennphgwadthetledt nis s ch il lr oviltly emidf sdikéheetofic t her eby
creating a trench in said third layer of dielectric that aligns with said
base hori zeatidl sgbatueter rgautt tmenoh a Heowtingpraallendtly wher ebyssaid | engt h
equals said length of 5 said base horizontal conductor mnus two tines the
conbi ned inductor, comprising the steps of:
5 providing a semiconductors substrate, said substrate
having a surface;
creating a base section of gaid vertical spiral
inductor having a surface further having a height Hb and a
width Wc, said base section being created on said surface
10 . of said substrate;
creating a lower section of said vertical spiral
inductor having a height H1l, said lower section being
created overlying said surface of said base section;
creating a first input/output connector section having
15 a height Hfio further having a surface, said first
input/output section being created on said surface of said
lower section;
creating an upper section of said vertical gpiral
inductor having a surface further having a height Hu, said
20 upper section being created on said surface of said first
input/output section; and

creating a second input/output connector section having a

surface further having a height Hsio, said second
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val ue of said thickness of said vertical conductors and said gap between
said vertical conductors in addition to creating openings in said third

| ayer of dielectric that align with said vertical contact areas in said
base 10 horizontal conductor two vertical conductor contact areas when
facing said vertical spiral is a direction of wwdth of said horizontal
conductors; depositing a |layer of nmetal over said surfasep®@fosat dodahird

| ayer of dielectric thereby including said trench and 15 said openings
that have been created in said second and said third |ayer of dielectric;
pl anari zi ngnpakdobbyet ofctiatalbdimg drasitiedenn depdsstebaovert saiidl surface
of said third dielectric thereby creating partial vertical conductors

over | ayi nguPesasdcwioi cal conductor contact areas further creating a
first horizontal conductor said first horizontal conductor having a height
Ho further having a wwdth W further containing two upper surface areas
that serve as vertical 49 5 Cctober 2004 contact areas that occupy opposite

extrem ties of said rsariagediosalidiid nSknReEiZ0Bhak E08UOIa i N a
direction of width over the wdth of said horizontal conductor and in
5 Dbase section of said vertical spiral inductor comprisges the
steps of:
depositing a first layer of dielectric having a
surface over said surface of said base layer of dielectric;
patterning and etching said first layer of dielectric
10 thereby creating a trench in said first layer of dielectric
for a base horizontal conductor;
depositing a first layer of metal over gaid surface of
said first layer of dielectric thereby filling said trench;
planarizing said first layer of metal down to said
15 surface of said first layer of dielectric thereby creating
a base horizontal conductor said base horizontal conductor
having a surface, a length, a height, a width, a thickness
and two surface areas that are a subset of said surface of
said basge horizontal conductor and that serve as vertical
20 conductor contact areas that occupy opposite extremities of
said surface of said base horizontal conducter in a

direction of width over the width of said base horizontal

conductor and in a direction of length that equals said
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a direction of length that equals said thickness of said 5 horizontal
conduct or whereby said vertical conductor contact areas can be divided
into a right nost vertical contact area and a |left nost vertical contact
area said division being derived at by facing said vertical spiral in a
direction of width of said vertical spiral in a plane 10 that is parallel
to said plane of said substrate; and repeating previous GtEfs=1Stad ng

wi th depositing a second |ayer of dielectric up through and including said
pl anarizing said |layer of metal that has been deposited over said surface
of said thithdclihepecefisaivherabizdroraleacndistpepehetreby amiddditi onal

hori zontal conductor to a preceding horizontal conductor is created that
al-i gns wi t wersardl precddsngr horntzorit alreeendact be divhéedghintd aand width W
whereby a length for each additional horizontal conductor equals a length
of said predgiingohorvenntedl Efhtcarduateer afidnus 180 &b sesvéhel anbi ned
val ue of said thickness of said vertical conductor and said gap between

sai d verti eahta0BdyeEar Sa i deyvfaidhesdipie deeoriveacht bepeiéin®nsd o

additional extensions are created_in sai 50 5 Cctober 2004 second and

third layekeotidhel 8si AT 1had &4t W Bf widch of said vertical
spiral in a plane that is parallel to said plane of said

substrate.

4. The method of claim 1 wherein said creating a
10 lower section of saild vertical gpiral inductor comprises
the steps of:
depositing a second layer of dielectric over said base
section of said vertical spiral thereby including said
planarized surface of said base horizontal conductor
15 whereby a thickness of said second layer of dielectric
equals said spacing between said horizontal and said
vertical conductors;
patterning and etching said second layer of dielectric
thereby creating openings in said second layer of
20 dielectric that align with said vertical contact areas in
said base horizontal conductor;
depositing a third layer of dielectric over said

second layer of dielectric;
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vertical conductor contact areas of underlying horizontal conductors said
repetition being continued until the conbined thickness of said second and
third layer of 5 dielectric equals said | ower section height H. 5. The

met hod of claim1 wherein said creating said first input/output connector
section conprises the steps of. 10 depositing a fourth |ayer of dielectric
having a surface over said surface of said | ower sectigng.patderyiigag and
etching said fourth ayer of dielectric thereby creating an opening in aid
fourth layer of dielectric that aligns with a rightnost vertical conductor

15 contact areapkbtarhongzand adt ot 0rd thdirdl 3a9%poseddidleSadit sur f ace
of said |ower section of said vertical spiral conductor whereby said

right nost weetkedgl ceeadusyos eoM@Ctin HAX ithitle 16i,abt BPSEi Of e shik t WO
vertical conductor contact areas when facing said vertical spiral is a 20

direction ghati difigAl satH H014 20M&aIHGONARGLAT S WRBREBY <88k O £d,0h NDSt
opening is the opening that aligns with said first input/output connector;
515 CbtOb%%v%Q84ad@QH§£Ei&%kf%ﬁ&féihdf@@ﬂgéﬁ é@dﬁhgcgﬁkﬁ f@ﬂé@g &
5 said base horizontal conductor minus two times the combined
value of said thickness of said vertical conductors and
salid gap between said vertical conductors in addition to
creating openings in said third layer of dielectric that
align with said vertical contact areas in said base
10  horizontal conductor two vertical conductor contact areas
when facing said vertical spiral is a direction of width of
gald horizontal conductors;
depositing a layer of metal over said surface of =said
third layer of dielectric thereby including said trench and
15 said openings that have been created in said second and
gsaid third layer of dielectric;
planarizing gaid laver of metal that has been
deposited over sgaid surface of gaid third dielectric
thereby creating partial vertical conductors overlaying
20 said vertical conductor contact afeas further creating a
first horizontal conductor said first horizontal conductor

having a height Hb further having a width Wc further

containing two upper surface areas that serve as vertical
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surface over said surface of said fourth |ayer of dielectric; patterning
and etching said fifth layer of dielectric 5 thereby creating a trench in
said fifth layer of dielectric in addition to creating openings that align
wi th said underlying vertical contact areas of underlying horizontal
conductors whereby said trench aligns and makes contact wth said right
nost openi ng that has been created in said 10 fourth | agepcebpehel@otric
whereby furthernore said trench extends in said dinmension of width of said
hori zontal conductors by a considerable anount; depositing a | ayer of

met al over coatdcsurfase bhasadcdcudy fadpdsier eofcraimééesr of $hed eby
including said trench and 15 said openings that have been created in said
fifth | ayesugffacdi efestidcfinmd pbanaritzadIngsaivdtibayén af diree¢atidmat has
been deposited over said surface of said fifth dielectric thereby creating
a first inpift wadthubvesnneetwidtR b BH.salhe Hetihescal ebadtrdowherd®iin said

creating an upper section of said vertical spiral inductor is: 52 5 Cctober
2004 a direction of length that equals said thickness of said
5  horizontal conductor whereby said vertical conductor
contact areas can be divided into a right most vertical
contact area and a left most vertical contact area said
division being derived at by facing said vertical spiral in
a direction of width of said vertical gpiral in a plane
10 that is parallel to said plane of said substrate; and
repeating previous steps starting with depositing a
second layer of dielectric up through and including said
planarizing said layer of metal that has been deposited
over said surface of said third dielectric whereby for each
15 repetition an additional horizontal conductor to a
preceding horizontal conductor ig created that aligng with
said preceding horizontal conductor of height Hb and width
Wc whereby a length for each additional horizontal
conductor equals a length of said preceding horizontal
20 conductor minus two times the combined value of said
thickness of said vertical conductor and said gap between

gald vertical conductors while furthermore for each

repetition two additional extensions are created in said
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depositing a sixth layer of dielectric having a surface and a seventh | ayer
of dielectric having a surface over said surface of said first

i nput/out put section of said vertical spiral inductor; 5 formng a dual
damascene pattern in said sixth and seventh |ayer of dielectric said dual
damascene pattern containing a left nost via and a right nost via and a
trench connecting said |eft nost via with said right nng;c)%kgm&h %%Qy sai d
trench of said dual damascene pattern is 10 designed to contalim a

hori zontal conductor whereby said vias align with innernost partially

conpl et ed vestds@l andanduet ars erhefreby of HEEBer MRS Sl gyt rangh of said dual
damascene pattern is bounded by said vias; depositing a | ayer of netal over

said Surfacﬁeﬁﬁiééﬂ(koﬂéﬁﬁﬁﬁﬁQkﬁt%%xegrggsdbfl@ﬁ&éffyﬁﬂfﬁﬁgﬁ.6%Qa ding said
a

trench and said openings that have been created i n ‘said sixt n sevent h
| ayers of digh®edddSs @nad2ng;sal d.laye - I at s been
deposited over said surféce f sgﬁ %Sgsgﬁghg?gééggé lﬁgngié?%%tric t her eby
creating a fi I qg;gl C ct.ar _of aid.upper.section of said

verti cal sp% rrglff?%lkguﬂc%lor; srse%gg;éf"ﬁé §§F8H§t &b gﬁlﬁ% BT 79 a sixth and

seventh J aygr. pl.li &l eghq Lhgnehy, reatipg fayers, of  fori zonta

5. The method of claim 1 wherein said creating said
first input/ocutput connector section comprises the steps
of:

10 depositing a fourth layer of dielectric having a
surface over said surface of said lower section;

patterning and etching said fourth layer of dielectric
thereby creating an opening in aid fourth layer of
dielectric that aligns with a rightmost vertical conductor

15 contact area in a horizontal conductor that is exposed in
gaid surface of said lower section of said vertical spiral
conductor whereby saild rightmost vertical conductor contact
area is the rightmost of said two vertical conductor
contact areas when facing said vertical spiral is a

20 direction of width of said horizontal conductors whereby
said rightmost opening is the opening that aligns with said

first input/output connector;
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53 5 Oct ober 2004 conductors that align with said first input/output
connector further having a | ength whereby said horizontal conductors are
progressively further renmoved fromsaid surface of said substrate whereby
said length of said 5 trench of said dual damascene pattern is adjusted
such that the thereby created vias step w se expand fromsaid innernost
partially conpleted vertical conductors and further cornegt §ai-d,o04

hori zontal conductors in said upper section of said verticar spira? W th
said horizontal 10 conductor in said |ower section in said vertical spiral

in a spiral patdefosisaing sepefFihi 08ybei 88 gontdanuedt tr@vtlt&g apoi nt where
the total thickness of the aggregate deposits of sixth and seventh | ayer

of di el ect rdworfequalsesaisd 1HU sal-£aWBi 6B QQi@tf&P&rYefane%abfcondUCtOr remai ns
unconnected at a 15 |l engthwi se extremty of this conductor that is furthest

removed fromesaid,sW.face of said substrate whereby said unconnected
vertical conductor aligns with said left nbst vertical conductor connect

area in said su ga@&%ﬁf b Q@éﬁlﬂgrg&f&t&f&mda%,%tr%f 20 eciig et hod

of claim1 wheréin sal eat

5 thereby creating a trench in said fifth layer of dielectric
in addition to creating openings that align with said
underlying vertical contact areas of underlying horizontal
conductors whereby said trench aligns and makes contact
with said right most opening that has been created in said

10 fourth layer of dielectric whereby furthermore said trench
extends in said dimension of width of said horizontal
conductors by a considerable amount;

depositing a layer of metal over sald surface of said
fifth layer of dielectric thereby including said trench and

15 said openings that have been created in said £ifth layer of
dielectric; and
planarizing said layer of metal that has been deposited
over said surface of said fifth dielectric thereby creating
a first input/output connector.

20

6. The method of claim 1 wherein said creating an

upper secticon of said vertical spiral inductor is:

52




second i nput/output connector section conprises the steps of: 54 5 Cctober
2004 depositing an eighth and ninth | ayer of dielectric having a surface
over said surface of said upper section of said vertical spiral; creating
and etching a dual damascene pattern in said 5 eight and ninth |ayer of
dielectric whereby a via of said dual damascene pattern aligns with said
unconnected renmi ning vertical conductor while furthermar g.aoLEpNshoof

sai d dual danascene pattern extends in said dinmension of wdth of said
hori zontal conductors by a considerable 10 anount; depositing a | ayer of
met al over saidd&mmh&m&ngfasaﬁﬁthniay@rl@ﬂailéﬁedﬂﬁﬂcembwh@gtaereby
including said via that has been created in said eighth layer of

di el ectri c aantfaceniathdt Bengbvehah Dagebesn gisatadid aidgnhntir-Fayer of
15 dielectric; planarizing said |ayer of metal down to said surface of

sai d nlntf\dﬁﬁﬁé@aﬂh.@b@k@%brbﬁ sand feposi {Afd A J3Ner sekcpagsbyati on
material over said surface of said ninth | ayer of "dielectric thereby
providing said vertical spiral inductor;

5 forming a dual damascene pattern in said sixth and
seventh layer of dielectric said dual damascene pattern
containing a left most via and a right most via and a
trench connecting said left most via with said right most
via whereby said trench of said .dual damascene pattern is

10 designed ﬁq contain a horizontal conductor whereby said
vias align with innermost partially completed vertical
conductors whereby furthermore said trench of said dual
damascene pattern is bounded by said vias;

depositing a layer of metal over said surface of said

15 seventh layer of dielectric thereby including said trench
and said openings that have been created in said sixth and
seventh layers of dielectric;

planarizing said layer of metal that has been
depogited over said surface of said seventh layer of

20 dielectric thereby creating a first horizontal conductor of
said upper section of said vertical spiral inductor;

repeating said steps of depositing a sixth and seventh

layer of dielectric thereby creating layers of horizontal
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20 environmental protection for said vertical spiral. 8. The met hod of
claim1 wherein each of said horizontal conductors conprises: 55 5 Cctober
2004 a conductor length in a plane that is parallel to said surface of
sai d substrate; conductor sidewalls in a direction of said conductor

| ength and in a plane that is perpendicular to said surface 5 of said
substrate henceforth referred to as | engt hw se horizont%lcp%nguctgéo
sidewal I s; a conductor width in a plane that is parallel 6 -S&rd ?face
of said substrate whereby said conductor width is smaller than said

conduct or | @tk Gc%@ugth@nﬂv%walsﬁdiPiésﬁiilg&&é%:%htsai d conductor

width and in a plane that is perpendicular to said surface of said

substrate henoefardh f&felhed 19,85 Qflg%f‘h S\?helrg)rg ZQ kg qggﬁg%\?r

sidewal | s; a conductor thickness 'n a plane that 1's perpendicu 15 to
said surface,of,Sahl; SURSHALE: <3; 600JUSt ol UPREL, S 396, 1,34p ane that
is parallel to sald surface~of sai ubSt Fat e Wwher e y “sal d “conduct or
upper surfage f1as, 3990 L6:2aPE Fhe Bl ol g LMY &Y saia
5 trench of said dual damascene pattern is adjusted such that
the thereby created vias step wise expand from said
innermost partially completed vertical conductors and

further connect said horizontal conductors in said upper

section of said vertical spiral with said horizontal

10 conductor in said lower section in said vertical spiral in
a spiral pattern saild repetition being continued to the
point where the total thickness of the aggregate deposits
of sixth and seventh layer of dielectric equals said Hu'at
which point one wvertical conductor remains unconnected at a

15 lengthwise extremity of this conductor that is furthest
removed from said surface of said substrate whereby said
unconnected vertical conductor aligns with said left most
vertical conductor connect area in said surface of said
base horizontal conductor.

20

7. The method of claim 1 wherein said creating a
second input/output connector section comprises the steps

of:
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opposi ng corners of each of said rectangles can be 20 connected with two

| ines that formdiagonals of said rectangles whereby said diagonals have a
point of intercept; 56 5 COctober 2004 a conductor |ower surface in a plane
that is parallel to said surface of said substrate whereby said conductor

| ower surface has a geonetric shape of a rectangl e whereby opposing
corners of each of said rectangles can be 5 connected mﬁtgﬁ%wg | i §8 t hat
form di agonal s of said rectangles whereby said dlagonals g fit of
intercept; and vertical interconnect surface areas that occupy opposi ng

extrenities of eidhayiSaiyd acoRdugEar aHAPRn Ok ﬂ-Qyésgié%' Funlaceaf said

hori zontal conductor in a direction of w dth of horlzontal conductors

wher eby sai l‘javi‘/rﬁ_{ td calydptely ?%Qnggtids HFL?&@e atgfaéalaé %(?%%%gtsgr%é.iOTSOB. The

est abl i shing contact wth said vertical connecting

met hod of cégg&ng%f@yygy ,.83GH ,conductor of said vertical connecting
conductors conprises '

creating and etching a dual damascene pattern in said
5 eight and ninth layer of dielectric whereby a via of said
dual damascene pattern aligns with said unconnected
remaining vertical conductor while furthermore a trench of
said dual damascene pattern extends in said dimension of
width of said horizontal conductors by a considerable
10 amount;
depositing a layer of metal over said surface of said
ninth layer of dielectric thereby including said via that
has been created in said eighth layer of dielectric and
said trench that has been created in said ninth layer of
15 dielectricg;
planarizing said layer of metal down to said surface
of said ninth layer of dielectric; and
depositing a layer of passivation material over said
surface of said ninth layer of dielectric thereby providing

20 environmental protection for said vertical spiral.

8. The method of claim 1 wherein each of said

horizontal conductors comprises:
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a conductor height in a plane that is perpendicular to said surface of
sai d substrate; 20 a conductor width in a plane that is parallel to said
surface of said substrate; a conductor thickness in a plane that is
parallel to said surface of said substrate; 57 5 Cctober 2004 a conductor
cross section in a plane that is parallel to said surface of said
substrate that has the shape of a geonetric rectangle;ﬁaoggg ggtgbogpper
surface in a plane that is 5 perpendicular to said surface o

substrate; a conductor |ower surface in a plane that is perpendlcular to

said surface of saichdudishr akagthwencangushortisdemalds-sihatl abespagal | el
with the length of said a vertical connecting conductor henceforth 10

referred t osasrd@N@M W8 “ebkicateconductor sidewal I's; and two conductor
sidewal | s that are parallel with the width of said a verti cal connecti ng

conduct or hencefQu{dndiefreli 8dwhe1 a§n"‘édm£¥‘é§€1&?rc§f %%Jldc%%ﬁ%fc%r

sidewal | s. 15 10. The net hod of c aim1l erein sald conductor

bet ween abQH%xﬁﬂ?QQuﬂQm&%”Eﬁaﬁ@ighggnggcﬁgépendicular to said surface

5 of said substrate henceforth referred to as lengthwise
horizontal conductor sidewalls;

a conductor width in a plane that is parallel to said
surface of said substrate whereby said conductor width is
smaller than said conductor length;

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

a conductor thickness in a plane that is perpendicular

15 to said surface of said substrate;

a conducteor upper surface in a plane that is parallel
to said surface of said substrate whereby said conductoxr
upper surface has a geometric shape of a rectangle whereby
opposing corners of each of sald rectangles can be

20 - connected with two lines that form diagonals of sgaid
rectangles whereby said diagonals have a point of

intercept;

56




t hi ckness. 11. The nethod of claim1 wherein each step of 20 patterning and
etching to create openings and trenches in each of said | ayers of
dielectric that are used in said vertical spiral inductor is preceded by
the steps of; 58 5 Cctober 2004 patterning and etching said | ayer of
dielectric whereby said patterning uses the mrror inmage pattern of a
pattern that is used for patterning and etching to cre peni n and
trenches in each of said |ayers of dielectric for said Eﬁ%ﬁggﬁtgﬁoénd

vertical conductors whereby said mrror imge pattern is bounded by said

base horizontal Lontic®or 18akd tWRraHbelnverii sal qppdygt %fﬁa@'fﬂ@lsai d
second input/output connector, hereby creating openings an trenches in

sald layer o dhel akhifded B2t 18 WhbBLDaal thd0BoundS: Qlorsiioperti cal

spiral and that are mrror inmge openings a to sai orizonta
and Vert'CEdowéﬁqgﬂﬁﬁQkﬁhaE!5'b@gmge%gcn%ﬁagé.6@@9%%93?@%ﬁ%§w%%%e%renChes
with a ferromagnetic material [ an plamari zi ng <A d erronagneylc
material . l;bpég¥h§n53£ﬂg%%eo%fegEQIgklsgygrgggkéﬁgﬁégnégﬁ be
5 connected with two lines that form diagonals of said
rectangles whereby said diagonals have a point of
intercept; and
vertical interconnect surface areas that occupy
opposing extremities of either said conductor upper or
10 lower surface of said horizontal conductor in a direction
of width of said horizontal conductors whereby said

vertical interconnect surface areas are used for

establishing contact with said vertical connecting

conductors.
15
9. The method of claim 1 wherein each conductor of
gsaid vertical connecting conductors comprises:
a conductor height in a plane that is perpendicular to
salid surface of said substrate;
20 a conductor width in a plane that is parallel to said

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

sald surface of said substrate;
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i nductors are connected in series. 20 13. The structure of claim1 wherein
said conductor wdth is between about 10 and 50 tines the conductor

t hi ckness. 59 5 Cctober 2004 14. The nethod of claim 1 wherein each of said
hori zontal conductors thereby including said first and said second

i nput/out put connectors has a geonetric shape of a rectangle whereby
opposi ng corners of each of said 5 rectangles can be co WO
lines that form diagonals of said rectangl es whereby sg?gﬁgggggkgpgahave a
poi nt of intercept whereby said points of intercept for said closest

spaced horizont &l canpducer eedssabdcivnt igss p %%é&orﬂsz%a&%hleﬁ?”dUCt ors
are located on as line that is 10 perpendlcular to said surface of said

substrate and Jofdndx Sl bragd ;AN <6AGe POLOT L0l Bdd N84 AL nber gonnect s

said points of intercept of said |agona | ~“conductors

wher eby sai ﬁéﬁ% S JQzated..n a plane that is perpendicular to said
surface of %éﬁ(j su stfﬁte ?éld pl ane 15 furthernore being parallel with

sai d | engt hwi se of %%lgug rizont al nductors mhereby said |line
is non- linear t ere Y creaﬁpﬁg a spl?g? Prack BY spirals

5 perpendicular to said surface of said substrate;
a conductor lower surface in a plane that is perpendicular
to said surface of said substrate;
two conductor sidewalls that are parallel with the

length of said a vertical connecting conductor henceforth

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

as widthwise vertical conductor sidewalls.

15 10. The method of claim 1 wherein said conductor
width is between about 4 and 10 times said conductor

thickness.

11. The method of claim 1 wherein each step of
20 patterning and etching to create openings and trenches in
each of said layers of dielectric that are used in said

vertical spiral inductor is preceded by the steps of:
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of said spiral inductor protrude fromsaid body of said spiral inductor.
20 15. The nethod of claim 14 wherein said conductor w dth is between

about 4 and 10 tinmes said conductor thickness. 60 5 Cctober 2004 16. The
met hod of claim 14 wherein each step of patterning and etching to create
openings and trenches in each of said |layers of dielectric that are used

in said

vertical spiral inductor is preceded by the step f: 5 erni ng
o RefgPaZetvhe

and etching said |layer of dielectric whereby said patt
mrror image pattern of a pattern that is used patterning and etching to

create

OP &I NG rARY ta&l%ln%@%alhgnséﬁa 2 é@lcsif' e%]rei%lt% dhﬁ%@%k?ror t her eby

creating mrror image openings

d trenc ng sai i mage

openi ngs aqgitngﬂzrlapyh%7ug?ﬁfgﬁ Pg}lf Q%%erHﬁf%.wh% pLgQ%E i,ng sai d

ferromagnetic
i nductors
said condu

10

15

20

ruc ure ére [e) splral 15

AR VNG ) $8ELERH1AS add e 2 HEG S leate?ofehingliere n

and trenches in each of said layers of dielectric for said

horizontal and vertical conductors whereby said mirror

image pattern is bounded by said base horizontal conductor,
said two outer vertical conductors and said second
input/output connector, hereby creating openings and
trenches in said layer of dielectric that are within said
bounds of said vertical spiral and that are mirror image
openings and trenches to said horizontal and vertical
conductors;

filling said mirror image openings and trenches with a
ferromagnetic material; and

planarizing said ferromagnetic material.

12. The structure of claim 1 whereby two spiral

inductors are connected in series.

13. The structure of claim 1 wherein said conductor

width is between about 10 and 50 times the conductor

thickness.
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width is between about 10 and 50 tines the conductor thickness. 20 19. The
nmet hod of claim 18 wherein each step of patterning and etching to create
openi ngs and trenches in 61 5 Cctober 2004 each of said | ayers of
dielectric that are used in said vertical spiral inductor is preceded by
the steps of; patterning and etching said layer of dielectric whereby

said patterning uses the mrror inmage pattern of a patt % 3 hat b§ used
patterning and etching to create openings and trenches™i RER*of 84 d

| ayers of dielectric thereby creating mrror image openings and trenches;

filling said mOr iMROBCABH BAS 208! { SPANES; Mddurp of RpfaMAGNe! | ©

material; and 10 pl anarizing sa erromagnetic materi a The structure

of cl ai m 18 aner eyt wh SRILAL egg%g{églgéfu&ﬂgge%l%d fm%ega';loﬁf.pl 21.

The net hod a|n11 erein-"sard cre sal I'rst inpu u
e O SEEdDD SRR Pk EoRhERRr 8 af R Sndes2 (AP  or2yer ©f

dlelectrlc avin

rectangle whereby opposing corners of each of said

5 rectangles can be connected with two lines that form
diagonals of said rectangles whereby said diagonals have a
peint of intercept whereby said points of intercept for
_said closest spaced horizontal conductor and said furthest
spaced horizontal conductors are located on as line that is

10 perpendicular to sald surface of said substrate and form a
start and an end point of a line that interconnects said
points of intercept of said diagonals of said horizontal
conductors whereby said line is located in a plane that is
perpendicular to said surface of said substrate said plane

15 furthermore being parallel with said lengthwise sidewalls
of said horizontal conductors whexeby said line is non-
linear thereby creating a spiral structure whereby spirals
of said spiral inductor protrude from said body of said
spiral inductcr.

20

15. The method of claim 14 wherein said conductor

width is between about 4 and 10 times said conductor

thickness.
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surface over said surface of said | ower section; 20 patterning and etching
said fourth layer of dielectric thereby creating an opening in aid fourth
| ayer of dielectric that aligns with a leftnost vertical conductor

contact area in a horizontal conductor that is exposed. in. 62 5 Cctober
2004 said surface of said | ower section of said vertical conductor whereby
said | eftnost vertical conductor contact area is the I%f§n%s eof gg'd t wo
vertical conductor contact areas when facing said vertic © ?%lfa? il is
a direction 5 of width of said horizontal conductors whereby said |eftnopst
opening is the openi Rgdt hatnahi GRSt $21ghdidsl odddPWhlpuiput connector;
depositing a fifth layer of dielectric having a surface over said surface
of said fourth d.ayer 10, di cLLiG; t j [ aid fifth

| ayer of diligealt ectlﬁ}lﬁcgt éjr gﬁghgbgaﬁngr%&?‘% e%%llr}ggsga%?ge ?;%fq %L %%ng%g of
dielectric _j iti.on creati eni ngs_.that_align w.th said
underlyingev%r ?Eaﬁaégh%% ?rgrgasag??gﬁaﬁ+$y5¢é} f%

Hord ﬁ?%ﬁn1§a&gnductors
wher eby said trench al.igns_.and nakes conta
W 6% i s drd

that has begsi uctor 1is precgéedV%};E hthseals(?:elp%f tog?St opening
5

patterning and etching said layer of dielectric
whereby said patterning uses the mirror image pattern of a
pattern that is used patterning and etching to create
openings and trenches in each of gaid layers of dielectric
thereby creating mirror image openings and trenches;
10 filling said mirror image openings and trenches with a
ferromagnetic material; and
planarizing said ferromagnetic material.
17.

The structure of claim 14 whereby two spiral

15 inductors are connected in series.

18. The gtructure of claim
width is between about 10 and 50
thickness.

20

19. The method of c¢laim 18

patterning and etching to create
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openings and trenches in



fourth layer of dielectric whereby furthernore said trench extends in said
di mensi on of width of said horizontal conductors by a consi derabl e anmount;
20 depositing a | ayer of netal over said surface of said fifth |ayer of
dielectric thereby including said trench and said openings that have been
created in said fifth layer of dielectric; and 63 5 October 2004

pl anarizing said |layer of netal that has been deposited over_ said surface
of said fifth dielectric thereby creating a first inputy OFERRETcERRECt or .
5 22. The nethod of claim1 wherein said horizontal view one of said

vertical snLal dnducton show osahd splial elsals varl ool sl

i nduct or whereby sal d spi starts ~a connect or
and further_cantinues . by follow ng.interconnected vertical and horizontal
10 conduct oVE G Uai @ ety AHCERP 4 PROCRITT h D ITEPAWCSE  directi on.
23. The nethod of claim1 wherein said horizontal . view one of said
vertical sp3aIcTHAGEN SHORE"EaPaiept PEEY 13E FHLE T Wi (HEEFP¥pi r al

i nductor whereby said spiral starts at said first input/output connector
and furthersQ*gngqﬁﬁggnlng uses the mirror image pattern of a pattern

5 that is used patterning and etching to create openings and
trenches in each of said layers of dielectric thereby
c¢reating mirror image openings and trenches;
filling said mirror image openings and trenches with a
ferromagnetic material; and

10 planarizing said ferromagnetic material.

20. The structure of claim 18 whereby two spiral

inductors are connected in series.

15 21. The method of claim 1 wherein gaid creating said
first input/output connector section comprises the steps
of:

depositing a fourth layer of dielectric having a
surface over said surface of said lower section;

20 patterning and etching said fourth layer of dielectric
thereby creating an opening in aid fourth layer of
dielectric that aligns with a leftmost vertical conductor

contact area in a horizontal conductor that is exposed in
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by follow ng interconnected vertical and horizontal conductors of said
vertical spiral inductor in a counter clock-wi se direction. 20 64
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said surface of said lower section of said vertical
conductor whereby gaid leftmost vertical conductor contact
area is the leftmost of said two vertical conductor contact
areas when facing said vertical spiral coil is a direction
5 of width of said horizontal conductors whereby said
leftmost opening is the opening that aligns with said first
input/output connector;
depositing a fifth layer of dielectric having a

surface over said surface of said fourth layer of

10 dielectric;

patterning and etching said fifth layer of dielectric

thereby creating a trench in said fifth layer of dielectric
in addition to creating openings that align with said
underlying vertical contact areas of underlying horizontal

15 conductors whereby said trench aligns and makes contact
with said leftmost opening that has been created in said
fourth layer of dielectric whereby furthermore said trench
extends in said dimension of width of said horizontal
conductors by a considerable amount;

20 depositing a layer of metal over said surface of said
fifth layer of dielectric thereby including said trench and
said openings that have been created in said fifth layer of

dielectric; and

63



10

15

20

5 October 2004

planarizing said layer of metal that has been
deposited over said surface of said fifth dielectric

thereby creating a first input/output connector.

22, The method of claim 1 wherein said horizontal
view one of said vertical spiral inductor shows said spiral
of said vertical spiral inductor whereby said spiral starts
at said first input/output connector and further continues
by following interconnected vertical and horizontal
conductors of said vertical spiral inductor in a clock-wise

direction.

23. The method of claim 1 wherein said horizontal
view one of said vertical spiral inductor shows said spiral
of said vertical spiral inductor whereby said spiral starts
at said first input/output connector and further continues
by following interconnected vertical and horizontal
conductors of said vertiecal spiral inductor in a counter

clock-wise direction.
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