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BACKGROUND OF THE INVENTION

(1) Field of the invention.

The invention relates to the manufacturing of high
performance Integrated Circuit (IC’s), and, more specifically,
to methods of creating high performance electrical components
(such as an inductor) on the surface of a semiconductor
substrate by reducing the electromagnetic losses that are

typically incurred in the surface of the substrate.
(2) Description of the Prior Art.

The continued emphasis in the semiconductor technology is

to create improved performance semiconductor devices at



extreme miniaturization of semiconductor devices, made possible by continued advances of
semiconductor processes and materials iii combination with new and sophisticated device designs. Most
of the semiconductor devices that are at this time being created are aimed at procesii g dig}itaﬁI Slgga

. . . . Ma
There are however also numerous semiconductor designs that are aimed at incorporating “analog
functions into devices that simultaneou%ll E)rsocesshdigi.tal and an%lgg data, or q}evices thagr%aerzjbg used

for the procé:sos{?ﬁge B% Bﬁf{/ear%%gcagta. he of the rﬁajﬁrscﬁgfernges iii %Ré creation of ana 0og proc%ssing

circuitry (usmg< gllgeltrﬁlle pnr&%ess%qlgfgrzoggdures %nd e ugmne({\& (ljsct(glgt number of th% corgg%ri%r}ts that are

. 1 10n S 150 evices age
used for ana?og circuitry are fiarge i size andpare t%ere ore not readi Yy mjfegrafednln (0] dgVICGS al

ypically have feauys sizes ihal Appiaach e subyinicign.ange. The maincompanepts that offer a

challenge in this respect are capacitors and inductors, sliice both'these compoiieiits are, for typical

alialog procelsﬁi"&%}’&‘H%ﬂf&?ii%iQEEa%v%ila?né\ IXBEE‘!@EE'E%Q%f‘%{é@q%éo%%t%Qiyeﬂ&%@kis li the

field of moderii mobile commuiiicatioii applicatioiis that make use of compact, high-frequeiicy equipmeiit.

Coiitiiued improvemeits il the perforpaiice,sharacteistics, otthis. eayipmeiit has,ovex the. years heeil

achieved, further 2
are aimed at processing digital data. There are however also
numerous semiconductor designs that are aimed at incorporating
analog functions into devices that simultaneously process
digital and analog data, or devices that can be used for the
processing of only analog data. One of the major challenges in
the creation of analog processing circuitry (using digital
processing procedures and equipment) is that a number of the
components that are used for analog circuitry are large in size
and are therefore not readily integrated into devices that
typically have feature sizes that approach the sub-micron range.
The main components that offer a challenge in this respect are

capacitors and inductors, since both these components are, for

typical analog processing circuits, of considerable size.

A typical application for inductors of the invention is in the
field of modern mobile communication applications that make
use of compact, high-frequency equipment. Continued
improvements in the performance characteristics of this

equipment has over the years been achieved, further



10 May 2005 improvements will place continued emphasis on lowering the power consumption of the
equipment, on reducing the size of the equipment, on increasing the operational frequency of the
applications and on creating low noise levels. One of the main applications of semicoln uctor d?e 'bcgs in
the field of mobile communication is the creation of Radio Frequency (RF) amplifiers. I"—M§|¥1p |€/ers
contain a number of standar% compgne ts, a major.component oﬁa tXpicaI Rll: amplifier isa% tuned circuit
that contains inductive and %aﬁc’)anvﬁﬁve é?)rﬁp%ene% sr}.tllunn%e cirecnﬂr?ts?osrrr?, &enpen%vé%{ oh and determined
by the values of (t)heeirr inggcté\{le ar%(::lL ggp%(;fjti\ﬁhgorg Sgepntesh%n imrpe]geangg .ltplat i%ﬁrqug%yg pendent,
enabling the tuhed circuit 1o either present a high or aow |mbe8ance %r S|gﬁals of a certain requency.

The tuned cireyl an figrefore either, reigetor pass and urihst amplify,comeeneiis, afan, angig signal,
based on the frequency of that component. The funed circuit'can'in this hanner be Used as a Tilter to

filter out or remoe signals gf,certajy fraquengies grlo 1&Maye;nQise from a cirsyit configyratign fhat is

aimed at processing analog signals. The tuned circuit can also be used to form a high electrical

impedance by using {he LEJgsonance. of e gireuitandy o, thereby gounieract theeiecti o s 1

communication is the creation of Radio Frequency (RF)
amplifiers. RF amplifiers contain a number of standard
components, a major component of a typical RF amplifier is a
tuned circuit that contains inductive and capacitive
components. Tuned circuits form, dependent on and determined
by the values of their inductive and capacitive components, an
impedance that is frequency dependent, enabling the tuned
circuit to either present a high or a low impedance for
signals of a certain frequency. The tuned circuit can
therefore either reject or pass and further amplify components
of an analog signal, based on the frequency of that component.
The tuned circuit can in this manner be used as a filter to
filter out or remove signals of certain frequencies or to
remove noise from a circuit configuration that is aimed at
processing 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 effects of
parasitic capacitances that are part of a circuit. One of the

problems that is encountered when creating an inductor on the



parasitic capacitances that are part of a circuit. One of the problems that is encountered when creating
an inductor on the 3 10 May 2005 surface of a semiconductor substrate is that the self resonance that is
caused by the parasitic capacitance between the (spiral) inductor and the underlying s(ljlbstrate v(s{i(l)lgimit
the use of the inductor at high frequencies. As part of the design of such an inductor %’[ is ltvh‘ae%e?ore of

importance to reduce the capacitive coupli %etwee the created inductor and the upderlying substrate.
At high frequensélllers,g?hceeel%gtr%mséegrﬂleﬁg %é%gct at issgkéﬁegr%\?gc? b)l/ %hgtﬁl%%c%elngﬁcgg eddy currents in

the underlying silicon substr%e. Since the siliccpr’bsubC trate is a registive conducctor the eddy currents
. estonance at 1s calise . g %Fe [‘E'Jara31 fC car%ac%_ arce S cen .
will consume elec romagnetic energy resulting in significant energy loss, resulting in a low Q capacitor.

This s the main feasenor g, ow.0.yalus o a canagiior, whetely, the respnantfiequpney of AN(LO

limits the upper boun equency. In addition, the e at are induce e inductor
will “interfere with the, perfgrmance of cireuitry that is in slose, physical proximity 10.the capagitar. It has
already been pointed out that one of the key

design of such an inductor it is therefore of importance to

reduce the capacitive coupling between the created inductor

and the underlying substrate.

At high frequencies, the electromagnetic field that is
generated by the inductor induces eddy currents in the
underlying silicon substrate. Since the silicon substrate is a
resistive conductor, the eddy currents will consume
electromagnetic energy resulting in significant energy loss,
resulting in a low Q capacitor. This is the main reason for a
low Q value of a capacitor, whereby the resonant frequency of
1/V(LC) limits the upper boundary of the frequency. In addition,
the eddy currents that are induced by the inductor will
interfere with the performance of circuitry that is in close

physical proximity to the capacitor.

It has already been pointed out that one of the key
components that are used in creating high frequency analog
semiconductor devices i1s the inductor that forms part of an LC

resonance circuit. In view of the high device density that is



components that are used in creating high frequency analog semiconductor devices is the inductor that
forms part of an LC resonance circuit. In view of the high device density that is 4 10 May 2005 typically
encountered in semiconductor devices and the therefrom following intense use of the Bubstratg (%lgface
. . . C 1 M%Y >
area, the creation of the inductor must incorporate the minimization of the surface area thatds required
for the mducl%or whﬂ;g%the sachtelrye&nallrrlltasyg%lg a pllggc v%lug for the |ndugtoi_[hgy%:gllgt,gnductors

that are crea é’éf ont urface of a“substrate are of a spiral s(ﬁwapeeWﬁgree%yatﬁe spiral is created 1 a

plane that is Pg{ﬁll}el i’vr%th thg @el%n(ee o{l thee sou%‘ ce of St%ﬁsscurbgygtes. Cr 8}/((:aentignalamet&?]éjs that are used
to create the In uc?lor o% tJhe surfgace os'f a subs ra?e suffer several Hm| atlons.li\ﬁoét high Q inductors form

part of a hybrid devies, copfiguration a1 of Monglitc Microwaye ntearsled, Glrcuits, (YWigy ) or are
whi iy i el

created as discrete components, the creation o ich is not readily integratable into a typical process of

Integrated Cirguit manutactung, Jt isclear;that, by cambining, thce;lgrleggigg Qe %%TELCQ”QHCtE’ﬁel

monolithic substrate of circuitry that is aimed at the functions of analog data manipulation and analog
daﬂiSKNageQ%H%ﬂ%iﬁgcﬂg@%ggining a high Q value for the inductor.

Typically, inductors that are created on the surface of a
substrate are of a spiral shape whereby the spiral is created in
a plane that is parallel with the plane of the surface of the
substrate. Conventional methods that are used to create the
inductor on the surface of a substrate suffer several
limitations. Most high Q inductors form part of a hybrid device
configuration or of Monolithic Microwave Integrated Circuits
(MMIC’s) or are created as discrete components, the creation of
which is not readily integratable into a typical process of
Integrated Circuit manufacturing. It is clear that, by combining
the creation on one semiconductor monolithic substrate of
circuitry that is aimed at the functions of analog data
manipulation and analog data storage with the functions of
digital data manipulation and digital data storage, a number of
significant advantages can be achieved. Such advantages include
the reduction of manufacturing costs and the reduction of power
consumption by the combined functions. The spiral form of the
inductor that is created on the surface of a semiconductor

substrate however results, due to the physical size of the



digital data manipulation and digital data storage, a number of significant advantages can be achieved.

Such advantages include the reduction of manufacturing costs and the reduction of power consumption
by the combined functions. The spiral form of the inductor that is created on the surf%((:%?/}‘ a 005
semiconductor substrate however results, due to the physical size of the 5 10 May 2 iﬁ%l'uc%or, in

parasitic capacgancces between the inductor wiring. gnd the ugd%rvlyin%s strate damd causes_ .
l]{l UCLOX in gar%sl 1 ?aﬁa 1 atnces. S %e eT:Ln UCtOI.erlne%.
electromagnetic energy’ losses in the underlying resistive silicon substraté. These  parasitic capacitances

have a serious (ﬁleggtelv% eaect on.the furg:tlgnalgg of tkgje graeated LClCII’CJlCJIt brX shaer[gl reducmr% the

frequency of tesonance of the tned cireiit of the apaprﬁcatloﬁl.sﬁ/ﬁ)rg sgﬁoﬁsﬁy,atﬂré in ucctSESéS erated

clectromagnete fekd il induos egy cyrents I heweryng esiatye sllcon  ubsyiate causing a
(0] u

significant energy loss that results in nductors. The performance parameter of an inductor is

typically indjcajed isthe %‘éaég%@%@&é% qf 488 inductar; The quality, fag OQ??PJ@E‘ Ipgugtpr is defined

as Q - Es/El; wherein Es is the energy that is stored in the reactive portion of the component while El is

theenmgyt@ﬁﬂ%%%%ﬁ%¥¥y§ag@“%he created LC circuit by sharply reducing the

frequency of resonance of the tuned circuit of the application.
More seriously, the inductor-generated electromagnetic field
will induce eddy currents in the underlying resistive silicon
substrate, causing a significant energy loss that results in low

QO inductors.

The performance parameter of an inductor is typically
indicated is the Quality (Q) factor of the inductor. The quality
factor Q of an inductor is defined as Q = Es/El, wherein Es 1is
the energy that is stored in the reactive portion of the
component while El1 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 component approaches
infinity. For inductors that are created overlying a silicon
substrate, the electromagnetic energy that is created by the
inductor will primarily be lost in the resistive silicon of the
underlying substrate and in the metal lines that are created to

form the inductor. The quality factor for components differs



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 component approaches infinity. For inductors that
are created overlying a silicon substrate, the electromagnetic energy that is created Qyothe md&%qaf will
primarily be lost in the resistive silicon of the underlying substrate and in the metal lines that’are crdated
to form the ipductor, The, quallty facter for components differs 6 40 May 2005 fromthe qualiy thatis
associated with filters Or Fesoiiators.” For compoiielits,; fhe qu&m%y actor servés as a measure of the purity

of the reacta%ice (or the susc ptaii% of the fom ojieiit, which caii be degarladed due to thIe rensistive silicoii
or comhoonefn%s, ?..%ua L j) #ai:tor Serves..as Imea.?ure O % [S
substrate, the resistaiice of the 'metal liiies aiid dielectric losses. lii aii “actual coiifiguratioii, there are

always some_physical resistors t il dissipate er, ther decreasiiig t ower that caii be
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recovered.T%e guality factor Q Is dimeiisioiiless. A Q value of greater thaii 100 is coiisidered very high for

discrete liidygtors that are mogited oji the gurface qfiferiiifed Clreyit Baards, Bor ilductots;that form part

of aii iiitegrated circuit, the Q valde is typically iil the raiige betweeii about 3 aiid 10. lii creatiiig’aii iiiductor
m'a”“mom@ﬁéUPé%@EéﬂH%Eme the metal lines and dielectric losses. In an

actual configuration, there are always some physical resistors
that will dissipate power, thereby decreasing the power that can
be recovered. The quality factor Q is dimensionless. A Q value
of greater than 100 is considered very high for discrete
inductors that are mounted on 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.

In creating an inductor on a monolithic substrate on which
additional semiconductor devices are created, the parasitic
capacitances that occur as part of this creation limit the upper
bound of the cut-off frequency that can be achieved for the
inductor using conventional silicon processes. This limitation
is, for many applications, not acceptable. Dependent on the
frequency at which the LC circuit is designed to resonate,
significantly larger wvalues of quality factor, such as for
instance 50 or more, must be 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



additioiial semicoiiductor devices are created, the parasitic capacitaiices that occur as part of this creatioii
limit the upper bouiid of the cut-off frequeiicy that caii be achieved for the iiiductor usiiig coiiveiitioiial
silicoii processes. This limitatioil is, for maiiy applicatioiis, iiot acceptable. Depeiideiit ?i(i)tkﬂ/le fre 8'gcy at
which the LC circuit is desigiied to resoiiate, sigiiificaiitly larger values of quality factor, such’as for
iiistaiice 50 or more, must be available, Prior Art has iii.this beeii limited to creatiiig values of higher
ity actoR B SRS IS i T aig (e e Aeate it Mt (12 7 10 B 2055
surrotuidiiig devm%éuuocé:)gus. Teholls %%%ates the ad\é%lga%est tt%afycbecgpltgjcugd wheii usiig the moiiolithic

. . L. Ccan usin ono Uu.C on L
colistructioll 0]@l creatiiig Oi%l%rt]he IIIdUCt%I’ anél tﬁe Surro Uléllllg fiewces ol ole ail tjhe same semicoiiductor

substrate. T e g%i'-rinﬁ)(%iogtgj&_a\pg%oaic@d%lgggas 1 %djéﬁng%tggg 1EIE?t.lz}gcrj[clitg)iial \(/:\_/giiigoi% roelggired to

iiitercoiiiiect the sub-compoiielits of the assemlﬁy, thereby agaiii iiitroduciilg additioiial parasitic

capacitailces, gild ygsistive losses oxsr HieJiitercallisctilg wirilig Agtwork, EQr, maily ofithe applicatioiis of

a RF amplifier, such as portable battery powered applicatioils, power colisumptioil is at a premium aiid

must therefoe be asIpw a5 Bossie BY raisligdNg POWEL that additional wiring is

required to interconnect the sub-components of the assembly,
thereby again introducing additional parasitic capacitances and
resistive losses over the interconnecting wiring network. For
many of the applications of a RF amplifier, such as portable
battery powered applications, power consumption is at a premium
and must therefore be as low as possible. By raising the power
consumption, the effects of parasitic capacitances and resistive
power loss can be partially compensated, but there are
limitations to even this approach. These problems take on even
greater urgency with the rapid expansion of wireless
applications, such as portable telephones and the like. Wireless
communication is a rapidly expanding market, where the
integration of RF integrated circuits is one of the most
important challenges. One of the approaches is to significantly
increase the frequency of operation to for instance the range of
10 to 100 GHz. For such high frequencies, the value of the
quality factor obtained from silicon-based inductors is
significantly degraded. For applications in this frequency

range, monolithic inductors have been researched using other



coiisumptioii, the effects of parasitic capacitaiices aiid resistive power loss caii be partially compeiisated,
but there are limitatioiis to eveii this approach. These problems take oii eveii greater urgeiicy with the

rapid expaiisioii of wireless applicatioiis, such as portable telephoiies aiid the like. Wireéess
commuiiicatioii is a rapidly expaiidiiig market, where the iiitegratioii of RF iiitegrated circui $'i6 c%loeoo5f the

most importajit challeiiges. Oiie of the roaches is to sigiiificaiitly iiicrease the frequeiicy of gperatioii to
for istaice LA Ta1ge oF 100 S0 CRa L FBFauch Mo e eh e e 6 of i Shahy Tacp

obtaiiied from silicoii-based iiiductors is sigiiificaiitly degraded. For applicatioiis iii.this frequeiicy raiige,
moiiolithic iii(Iill%}grj‘;lﬁt;;fllvlecbeléll|O&;ue%(%e5’31}:0?1e%éI%leeliig‘%(())'[)‘r;1e:r‘L S%OB ﬁl%?/ %b%%gthcarlies%h%ceo(ﬁ as the base for the

creatioii of the iiigyﬁtores. OS]_LJCE aK‘SOiig[i,tth %%%%QV%R%V%‘CO{I'{i!?tacji&grt)se%l'li aqf[]gatceg F%sjihi&%%%qhire or GaAs
a thei

a 3 .
as a base. Thesé iiiductors have coiisider y lower substrate losses thaii their silicoli couuterrgarts (iio

eddy curreiit, helice Iglass af elegtromagiietic.qiiergy);giid_thetefare provide much higher Qdiidutors.

Furthermore, they have lower parasitic capacitaiice aiid therefore provide higher frequeilcy operatioii

Capabmﬂes'¥ﬂ¥¥gﬁ¥¥Nq¥§&§¥W§§nfaggx@Pp@¥gE@§omagnetic energy) and therefore

provide much higher Q inductors. Furthermore, they have lower
parasitic capacitance and therefore provide higher frequency
operation capabilities. Where however more complex applications
are required, the need still exists to create inductors using
silicon as a substrate. For those applications, the approach of
using a base material other than silicon has proven to be too
cumbersome while for instance GaAs as a medium for the creation
of semiconductor devices is as yet a technical challenge that
needs to be addressed. It is known that GaAs is a semi-
insulating material at high frequencies, reducing the
electromagnetic losses that are incurred in the surface of the
GaAs substrate, thereby increasing the Q value of the inductor
created on the GaAs surface. GaAs RF chips however are
expensive, a process that can avoid the use of GaAs RF chips

therefore offers the benefit of cost advantage.

A number of different approaches have been used to
incorporate inductors into a semiconductor environment without

sacrificing device performance due to substrate losses. One of



are required, the iieed still exists to create iiiductors usiiig silicoii as a substrate. For those applicatioiis,
the approach of usiiig a base material other thaii silicoii has proveii to be too cumbersome while for
iiistaiice GaAs as a medium for the creatioil of semicoiiductor devices is as yet a tec@ibca&chal&e(ggg that
iileeds to be addressed. It is kiiowii that GaAs is a semi- iiisulatiiig material at high frequeiicfaég, reduciiig
the electro iietic losses that are. iiicurred iii the surface of the. GaAs substrate, thereby iiicreasiiig the
Q value of the THIGe1RF T SAtEH ST e GAAS Burthos ks RE ipd RBWSTer 5% SXSUGA, a plocess

that caii avoid.ttfe use of GaAs RF hi;g?1 thereéore offer§ the beiiefit qﬁlcgst adrs/aiita e. A iiumber of
. .. S1 COn ungerneat e 1nductar s1ng methods.. ml Q .. . .
differeiit approacjhesrhave eeil used to ‘ilicorporate |||duclfors |ﬁto a sem|00||8uctor eilviroiimeiit without

sacrificiig deplceperioralios,due.o, substiale Insses,QUs.of 2 10.May 2005 Lnese.gprroaches has
beeii to selectively remove (by etcﬁmﬁ)t e silicoil tuideriieath the filductor (usiiig methods of micro

machiiiiig), thereby remaviiig suhstrate tesistive: giieray l9sses aildparasitic sffects. Aligther method has
beeii to use multiple layers of metal (such as alumiilum) iiitercoiiiiects or of copper damasceiie
”neﬂxnmecuiayers of metal (such as aluminum) interconnects or of copper

damascene interconnects.

Other approaches have used a high resistivity silicon
substrate thereby reducing resistive losses in the silicon
substrate. Resistive substrate losses in the surface of the
underlying substrate form a dominant factor in determining the Q
value of silicon inductors. Further, biased wells have been
proposed underneath a spiral conductor, this again aimed at
reducing inductive losses in the surface of the substrate. A
more complex approach has been to create an active inductive
component that simulates the electrical properties of an
inductor as it is applied in active circuitry. This latter
approach however results in high power consumption by the
simulated inductor and in noise performance that is unacceptable
for low power, high frequency applications. All of these
approaches have as common objectives to enhance the quality (Q)
value of the inductor and to reduce the surface area that is
required for the creation of the inductor. The most important

consideration in this respect is the electromagnetic energy

10



Other approaches have used a high resistivity silicoii substrate thereby reduciiig resistive losses iii the

factor iii determiiiiiig the Q value of silicoii iiiductors. Further, biased wells have beeii Bopbgsedzo05
tuideriieath a spiral coiiductor, this agaiii aimed at reduciiig iiiductive losses iii the surface oFthé

substrate. A_more co Bleexia%f(%%%cg as t[_Jeeu to cretate aE r‘?‘&ﬂ‘ée i |dugt ve cl%nrpeoryggt thgt gllgneulates the

. OSSES .. eCcrram ne C . S S C
electrical properties of alir iil asitis app(?le%qu active circuitry. This atter approach however results

iii high power Egiiscuorplptisodi?gytthgtgimulated liiductor aiid iii iioise performaiice that is uiiacceptable for low
power, high Frequeilcy app icatioiis. All of these approaches have as commoii objectives to eiihaiice the

quality (Q) value of the iiiductor aiid to reduce the surface area that is required for the creatioii of the
iiiductor. The most importaiit coiisideratioii iii this respect is the electromagiietic eiiergy 10 10 May 2005

losses due to the efgetromagiietic jiduyced gddy purrgiits Ji the, silicoll sybstate, Wheli the dimgiisiois of
litegrated Circuits are scaled dowil, the cost per die is decreased while some aspects of performaiice
the cost per die is decreased while some aspects of performance
are improved. The metal connections which connect the Integrated
Circuit to other circuit or system components become of relative
more importance and have, with the further miniaturization of
the IC, an increasingly negative impact on circuit performance.
The parasitic capacitance and resistance of the metal
interconnections increase, which degrades the chip performance
significantly. Of most concern in this respect is the voltage
drop along the power and ground buses and the RC delay of the
critical signal paths. Attempts to reduce the resistance by

using wider metal lines result in higher capacitance of these

wires.

Current techniques for building an inductor on the
surface of a semiconductor substrate use fine-line techniques
whereby the inductor is created under a layer of passivation.
This however implies close physical proximity between the
created inductor and the surface of the substrate over which the
inductor has been created (typically less than 10 um), resulting

in high electro-magnetic losses in the silicon substrate which

11



are improved. The metal coiiiiectioiis which coiiiiect the liitegrated Circuit to other circuit or system
compoiieiits become of relative more importaiice aiid have, with the further miiiiaturizatioii of the IC, aii
iiicreasiiigly iiegative impact oii circuit performailce. The parasitic capacitaiice aiid res{%taiice of t@lgg'netal
iiitercoiiiiectioiis iiicrease, which degrades the chip performailce sigiiificaiitly. Of most coiicet iif this

respect is thg I\{Og%%% drrgg uaioclg tfg pow urcaliirgli rgHiid 5::%% aiejd (t)hfe I@Cedellg)égg tchgr crigcal sigiial
paths. Attempts to reduce the resistaiiCe by “usiiig wider meta fiies resuffui higher capa‘cita?fce of these

wires. Curreiit techiiigues for builgiiig aii iiiduckt)or oii the gHrface 8f a,gemicoiié[iug%r substrate use fiiie-liiie
e 1 cr%F ﬁn%.th? 1 taqc& 8twe?n ? 1nductqQr ?# e . .
techiiiques WHere y the fiiductor 1S created tuider a layer of passivatioli. IS however implies close

physical pro¥mity heeel e srcated lidusior alibe suitage of the sdbsipte pueruhigh e iductor
all e

has beeii created (typically less t um), resultillg” il high electro-magiietic losses iii the silicoii

substrate which, 11 10, May, 2005,.in tumyresults jn reducing the Q walue of thepdyetar. Ry ingreasing the

distance between the inductor and the semiconductor surface, the electromagnetic field in the silicon
the Q value of the inductor can be increased. By therefore
creating the inductor overlying the layer of passivation (by a
post passivation process) and by, in addition, creating the
inductor on the surface of a thick layer of dielectric (such as
a polymer) that is deposited or adhered over the surface of a
layer of passivation, the Q value of the inductor can be
increased. In addition, by using wide and thick metal for the
creation of the inductor, the parasitic resistance is reduced.
The process of the invention applies these principles of post

passivation inductor creation while the inductor is created on a

thick layer of dielectric using thick and wide metals.

US 5,212,403 (Nakanishi) shows a method of forming wiring
connections both inside and outside (in a wiring substrate over
the chip) for a logic circuit depending on the length of the wire

connections.

US 5,501,006 (Gehman, Jr. et al].) shows a structure with an

insulating layer between the integrated circuit (IC) and the
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substrate will be reduced in reverse proportion to the distance, the Q value of the inductor can be
increased. By therefore creating the inductor overlying the layer of passivation (by a post passivation
process) and by, in addition, creating the inductor on the surface of a thick layer of di bectric (sr.éjﬁgéas a
polymer) that is deposited or adhered over the surface of a layer of passivation, the (gva%%yo t
inductor can be increased. In addltlog, QXQEQ_D Vﬁ"tde an tehé% rgetal for thetﬁreelaoit?lon f the nggtor, the

. Wlring substr . 1lon nnects . bondln . .
parasitic re&s%ancegls re ucede.lt'Fhe process o e Invention apprDeS ﬁ1ese principles oflpgstppasswatlon

inductor creation while the_inductor is created on a_thick layer of ichtr'c using thick and wide metals.
us 5,212,40% Ng gnie;{#:) Eﬁov!\élg% r%gfh%ﬁnt% fgrarr%%gov%liii%ecgnur?ésc |gﬁé%bth inside and outside (in a

wiring substrate over the chip) for a logic circuit depending on the length of the wire connections. US
5,501,006(Gehmaii, Jr. et al.) shows a structure with an insulating layer between the integrated circuit

(IC) and the 12 10 May 20055 W&&@@?@é@é - Aydistribytion lead cailigets thenaiidiig pads;, of the IC to

the boiidiiig pads of the substrate. US 5,055,907(Jacobs) discloses aii exteiided ilitegratioli

semiconductor structure that allows manufacturers to integrate
circuitry beyond the chip boundaries by forming a thin film
multi-layer wiring decal on the support substrate and over the

chip. However, this reference differs from the invention.
UsS 5,106,461 (Volfson et al.) teaches a multi layer
interconnect structure of alternating polyimide (dielectric) and

metal layers over an IC in a TAB structure.

US 5,635,767 (Wenzel et al.) teaches a method for reducing

RC delay by a PBGA that separates multiple metal layers.

US 5,686,764 (Fulcher) shows a flip chip substrate that

reduces RC delay by separating the power and I/0 traces.

US 6,008,102 (Alford et al.) shows a helix inductor using

two metal layers connected by vias.

US 5,372,967 (Sundaram et al.) discloses a helix inductor.

13



semicoiiductor structure that allows maiiufacturers to iiitegrate circuitry beyoiid the chip bouiidaries by
formiiig a thiii film muilti-layer wiriiig decal oii the support substrate aiid over the chip. However, this

refereiice differs from the iiiveiitioii. US 5,106,461 (Volfsoii et al.) teaches a multi Iayerlgit%rcoiii%cé
structure of alteriiatiiig polyimide (dielectric) aiid metal layers over aii IC iii a TAB struc ure ¥ss, §5,767

(Weiizel et al.) teaches, t for_reduciii C delay P %A at separates multiple metal layers.
US 5,686,764 ( l%c%ir)%sﬁée\?v%%;aﬂié%w gubsr%%ue g r%%%’c%% d d%Fa%%ﬁyrgépﬁgtiﬁ‘thﬁe 6%‘\/‘\?& aiid
1/0 traces. USC(%éOlg)Shleogig@@r% eg %%)rsrg)ewsl anhselix liiductor usiiig two metal layers coiiiiected by vias.
US 5,372,967 (Sulidaram et al.) discloses a hefix fiductor. 13 10 May 2005 US 5 '576,680 (Liiig) aiid US
5,884,990 (Burghartz et al.) show other helix iiiductor desigiis. SUMMARY OF THE INVENTION It is the

primary objective of the iiiveiitioii to improve the RF performaiice of High Performaiice liitegrated Circuits.

Aiiother objective of the iiiveiitioii is to proyjglg a:method, for the.creatioijof a high-Q iiiductor.

It is the primary objective of the invention to improve the

RF performance of High Performance Integrated Circuits.

Another objective of the invention is to provide a method

for the creation of a high-Q inductor.

Another objective of the invention is to replace the GaAs
chip with a silicon chip as a base on which a high-Q inductor is

created.

Yet another objective of the invention is to extend the
frequency range of the inductor that is created on the surface

of a silicon substrate.

It is yet another objective of the invention to create high
quality passive electrical components overlying the surface of a

silicon substrate.
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Aiiother objective of the iiiveiitioii is to replace the GaAs chip with a silicoii chip as a base oii which a
high-Q iiiductor is created. Yet aiiother objective of the iiiveiitioii is to exteiid the frequeiicy raiige of the
iiiductor that is created oii the surface of a silicoii substrate. It is yet aiiother objective 06 t&e iiivgid't' i to
create high quality passive electrical compoiieiits overlyiiig the surface of a silicoii sujbstrataeY 14°10"May

2005 The above referenced continyation-in-part application adds, in a pgst passivation processing
coduence, a hick ygs O AIBaHE SuF AT8yor o DabCNANGH i Iayere of s A ok Mesd ines on

top of the thick I%yer of(fielectric. The <ﬁresent invention extends the abovehref%reTced cont%nuation-in-
in 1

part application by i a diﬁgrfcszﬁe‘é%é Illgl}faﬁghet;slSejrenc(%ricsaﬁqcl:loer%gher?tsj:suc% as an mduc or,a

et SR L e g vl B e g8 Dilnre ) il st

ggn”mantd§ﬁqgﬁrﬁgggfdf¥Hg§h%HnQng@&Swﬁgnfﬁygyelayer of dielectric. The
present invention extends the above referenced continuation-in-
part application by in addition creating high quality electrical
components, such as an inductor, a capacitor or a resistor, on a
layer of passivation or on the surface of a thick layer of
dielectric. In addition, the process of the invention provides a
method for mounting discrete passive electrical components at a

significant distance removed from the underlying silicon

surface.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section of the interconnection scheme

of the referenced continuation-in-part application invention.

Fig. 2 shows a cross section of an extension of the
referenced continuation-in-part application whereby an inductor

has been created on the surface of a thick layer of polyimide.

Fig. 3 shows a top view of an inductor that is created

following the process of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 shows a cross section of the interconnection scheme
of the referenced continuation-in-part application invention. Fig. 2 shows a cross section of an extension
of the referenced continuation-in-part application whereby an inductor has been creaieod on th‘:-=2 Sldrgace of
a thick layer of polyimide. Fig. 3 shows a top view of an inductor that is created foIIowing%?é’process of
the invention. 15 19 May gOOEOI@ig. 4 shows a Cross ls(c)actioii of a su%%tjéate taiid ovgrlgi\ifig Iz_a[ ers, aii

iiiductor has beeii créated oii the Surface B?S%i%ﬁclayern of] 5ol)§1msi €, a Fa%/e? of Perromad:il ic'Material

has beeii adlded to further iiis%{ate the iliductor from the uiid rl)éiiig ilicoii supstrate. Ei . 556}1shq<ws a
.. ayers %n 11 ucto¥ as been cr%ﬁﬁea n % e surrace o '%i lF
cross sectioii of a simplified versioli of the substrate aiid the Tayers that aré created oii the surface of the

substrate usHi the p esses of the ref reji ed _coiitiii tioii-iIl['k- art plicatioij, Fi 15 ows the cross
sectioii of Fig.95vae, %ii(%%g&?oyﬁénsl ee’eiigaddég above t%% e{:y%rég? pgsé\claﬁé%?ilrgl.%% s%;w\sgé%:?oss

sectioii of a ubstrate gii e syidace ,of whigh.has, beel dgresited:a layer 0L pag¥atQl; A fapacitor

silicon substrate.

Fig. 5a shows a cross section of a simplified version of
the substrate and the layers that are created on the surface of
the substrate using the processes of the referenced

continuation-in-part application.

Fig. 5b shows the cross section of Fig. 5a, an inductor has

been added above the layer of passivation.

Fig. 6a shows a cross section of a substrate on the surface
of which has been deposited a layer of passivation, a capacitor

has been created on the surface of the layer of passivation.
Fig. 6b shows a three dimensional view of an inductor that

has been created on the surface of a layer of passivation by

creating vias in a thick layer of polymer.
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has beeii created oii the surface of the layer of passivatioii. Fig. 6b shows a three dimeiisioiial view of aii
iiiductor that has beeii created oii the surface of a layer of passivatioii by creatiiig vias iii a thick layer of

polymer. 16 10 May 2005 Fig. 6¢ shows a three-dimeiisioiial view of aii iiiductor that n?s beeiif@%%ted iii
a thick layer of polymer that has beeii deposited oii the surface of a thick layer of polyi idbeqz‘.aiéig. dshows
a top view of the Ia)éer 20 surface of which aii iiiductor has beeii crefated. FilgdGe showsh%%ross

ii th
sectioii of the structuré of Elcg B thkeft a 5}@%%@%@%%?&@%? ié’.JBGdA.I F?g. 6t shows & thrée difmeiisioiial

view of aii iii%uctoi)tehat has b%eeiidcrlegteéj %iﬁtih SLirface of aflz?glgﬁgfg*%%s. i\ﬁ?atioii the jiiductor has the
19 19

] ) h o) -
shape of a sofgiioid f:?g.%@es%ows a top view of the ilductor o Shows a ¢ross sectioii of a

substrate oiiéheg rf ce of Whti%r% hgs bggii deg Si edcgl%yf(erlo péssig tioi over Wﬁigh a thick layer of
polyimide has eeglilfeposﬁgd, a capggltor \as geéli created oé%’hersur?ageoofyﬂlwrglt ick layer of polyimide.
Fig. 8 shows a cross sectioii of a substrate oii the surface of which has beeii deposited a layer of

passivatioii, a resistor

Fig. 6d shows a top view of the layer 20 on the surface of

which an inductor has been created.

Fig. 6e shows a cross section of the structure of Fig. 6d

taken along the line 6e-6e’ of Fig. 6d.

Fig. 6f shows a three dimensional view of an inductor that
has been created on the surface of a layer of passivation, the

inductor has the shape of a solenoid.
Fig. 6g shows a top view of the inductor of Fig. 6f.

Fig. 7 shows a cross section of a substrate on the surface
of which has been deposited a layer of passivation over which a
thick layer of polyimide has been deposited, a capacitor has

been created on the surface of the thick layer of polyimide.

Fig. 8 shows a cross section of a substrate on the surface
of which has been deposited a layer of passivation, a resistor

has been created on the surface of the layer of passivation.
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has beeii created oii the surface of the layer of passivatioii. 17 10 May 2005 Fig. 9 shows a cross sectioii
of a substrate oii the surface of which has beeii deposited a layer of passivatioii over which a thick layer
ISctete e(iectrical

th

of polyimide has beeii deposited, a resistor has beeil created oii the surface of the thiflé
polyimide. Fig. 10 shows a cross sectioii of a silicoii substrate oii the surface of which a
compoiieiit has beeji . motyjted, coiitact balls are used.whergpy the dis

%iice betweeiji the sub§trate aiid
t e

t i
the electrical compoilleqit is of & givgvgﬁifi%afftrsglﬁe,sg %%l??ayer of p%hl/ln%idreahaes géleiijc&seeds. Fig. %1 shows a
Cross sectioii ?f a silicoii ubst{)ate oiio{he sur]‘cac of which a discrete electrical comgoiieiit has. beeii
2 B RSE - Hist b

11C

motuited, thick coiitact balls are used Wﬁgrseqby?

compolieiit lsglia Sigilieait yglue, §o laveaof polyimids hagbeeli used. DESCRIGHON
IX/?EN he ejfereuce caoiitiiiuatioii-iii-part applicatioii teaches ail

PREFERRED EMBO

I

Siice” befwéeil the Substrate aiid the electrical

OETHE.,

itegrated

Circuit struct&%g@g&e_ 5@;di§ﬁrébtg'{9£i@Aigeiiigefcgiﬂig%meﬁg I@é sAare er abt%iijnlﬂgr.s of dielectric oii

the surface of a coiiveiitiolial IC. A layer of passivatioii is deposited over the dielectric of the re-distributioii

aiid

Fig. 10 shows a cross section of a silicon substrate on the

surface of which a discrete electrical component has been

mounted, contact balls are used whereby the distance between the

substrate and the electrical component is of a significant

value, a thick layer of polyimide has been used.

Fig. 11 shows a cross section of a silicon substrate on the

surface of which a discrete electrical component has been

mounted, thick contact balls are used whereby the distance

between the substrate and the electrical component is of a

significant value, no layer of polyimide has been used.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The referenced continuation-in-part application teaches an

Integrated Circuit structure where re-distribution and

interconnect metal layers are created in layers of dielectric on

the surface of a conventional IC. A layer of passivation is

deposited over the dielectric of the re-distribution and
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18 10 May 2005 interconnection metal layers, a thick layer of polymer is deposited over the surface of
the layer of passivation. Under the present invention, a high-quality electrical component is created on
the surface of the thick layer of polymer. The invention addresses, among others, thelcée%qtion %fo%%
inductor whereby the emphasis is on creating an inductor of high Q value on the surface of &
semiconductor substrate ustin% methodf al.fd rocedureg thatkarf well knOﬁNn ianthe art for the creation of
semiconductor devices. The Janrh anl%ﬁly of fie” inductor of the invehtion alloWs Tdr the use of this inductor

in high freq%ﬁncgsa}Lpé)eli%at(i)ons ngilleeincugp The invention furlﬁuer addresses

. ?g Veé . %U athemrg@u%leosfagfeovg%r'gatsilvatlon . nder . .
the creation 0 capacitor and a resistor on the surface of a silicon substrate Wherebyt € main objectlve

(of the procesg of ceating.a. apagiiorand tesistan) Is (o redupe nargsilis that ke, ypicaly ingurred by

1 .
these components in the underlying silicon substrate.” Referring now more specifically to Fig. 1 there is

shown a crosgs sectign of opg émg{?p%%rggt_igr} of the r&tlelrggc%gyaeqpli(g@ti%%lw&grface of silicon
substrate 10 has been provided with transistors and other devices (not shown in Fig.
The invention addresses, among others, the creation of an

inductor whereby the emphasis is on creating an inductor of high
Q value on the surface of a semiconductor substrate using
methods and procedures that are well known in the art for the
creation of semiconductor devices. The high quality of the
inductor of the invention allows for the use of this inductor in
high frequency applications while incurring minimum loss of
power. The invention further addresses the creation of a
capacitor and a resistor on the surface of a silicon substrate
whereby the main objective (of the process of creating a
capacitor and resistor) is to reduce parasitics that are
typically incurred by these components in the underlying silicon

substrate.

Referring now more specifically to Fig. 1, there is shown a
cross section of one implementation of the referenced
application. The surface of silicon substrate 10 has been

provided with transistors and other devices (not shown in Fig.
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19 10 May 2005 1). The surface of substrate 10 is covered by a dielectric layer 12, layer 12 of dielectric
is therefore deposited over the devices that have beeii provided iii the surface of the substrate aiid over

the substrate 10. Coiiductive iiitercoiiiiect liiies 11 are provided iiiside layer 12 that col:Lii'ect tot & s
semicoiiductor devices that have beeii provided iii the surface of substrate 10. Layers 4%@/\)’0 examples

are showii) r?fres?it all of the met%l Ia)(l%rgtaiidtdiel?gtric Ia%%rs that are tygicaliy (ireated oil -top of the

dielectric layef 12, a?/erssuf that are sRowii |||rI§ig?l ma)ﬁnere oeré:%giit%}ﬁ multiple %%Fslgf cﬁ% Ctric or

iiisulatioii aiiqf e like, coiiductive iiitercoiiiiect.liies 13 make the jietwork of electrical _coiiiiectioiis that
are created r%pou%ﬁgﬁtrlag/%rso 4.%\?&%@%%&% 5i|sthterﬂseurr?aécj(§roef |§%}(§Sf§c%?2 Bgﬁfs fgl(e)f electrical

coiftact. Thegg polit.16 o1 eletical soifact eai ol istaice he bofd pads that estabiish. e slegtrica
: « boid pads

iiitercoiiiiects to the traiisistors aiid other ices that have beeli provided iii the surface of the substrate

10. These pajjits of copitact, 16 arg polits of iiiterceiiiggt withil the |G analigemeiit fhaflieed fo be further

coiiiiected to surrotuidiiig circuitry. A passivatioii layer 18, formed of for example silicoii iiitride, Is
deposned(“§¥5Q%§Hgaq%9§ﬁ@eﬁﬁyer 12 that connect to the semiconductor

devices that have been provided in the surface of substrate 10.

Layers 14 (two examples are shown) represent all of the
metal layers and dielectric layers that are typically created on
top of the dielectric layer 12, layers 14 that are shown in
Fig. 1 may therefore contain multiple layers of dielectric or
insulation and the 1like, conductive interconnect lines 13 make
up the network of electrical connections that are created
throughout layers 14. Overlying and on the surface of layers 14
are points 16 of electrical contact. These points 16 of
electrical contact can for instance be bond pads that establish
the electrical interconnects to the transistors and other
devices that have been provided in the surface of the substrate
10. These points of contact 16 are points of interconnect within
the IC arrangement that need to be further connected to
surrounding circuitry. A passivation layer 18, formed of for
example silicon nitride, is deposited over the surface of layers
14 to protect underlying layers from moisture, contamination,

etc.
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14 to protect uiiderlyiiig layers from moisture, coiitamiiiatioii, etc. 20 10 May 2005 The key steps of the
above refereiiced applicatioii begiii with the depositioii of a thick layer 20 of polyimide that is deposited
over the surface of layer 18. Access must be provided to poiiits of electrical coiitact 1?Ofowr1 this 8%%oii a

patterii of opeiiiiigs 22, 36 aiid 38 is etched through the polyimide layer 20 aiid the passiva?i%ii ayer 18,
the patterii of opeiiijigs 2%, 36 aiid 38 al/gél W|thagloe Vpatteerg of electré:al cmitact %omts ]b6 Caiitact poiiits

16 are, by meaiis o e oﬁé‘fiiilsg%efz%g Hgt are create ﬁﬁ%%ﬁgyer of Soalyi%r(ﬁﬁe, eﬁg%trrlically

exteilded to th%ﬁ]urf%%e 8f Ia%{]gr ggb;h%@ov% refeLeiifed mat%ial that islused.fé')ét e dcepjggitioii of layer

20 is polyimivgié, etmaterle 4t cail be” used (%lr]tﬁls Iaﬁ?é/relg iiot limited to %Fﬁmde ut caili coiitaiii aily

of the Kiowipolymers (SICIs0y) The iicaled pobimids s the prefered materal 0 be used for the
the et of p

processes 0 ivelitioii for t ick layer olymer. Examples of polymers that cail be used are
silicoiis, carhoils, flugride, chlarides, oxyasiis, papielie orteflol, plycarboiate (RC). polysiergiie, €°S),
polyoxide (PC), poly polooxide (PPO),

openings 22, 36 and 38 is etched through the polyimide layer 20

and the passivation layer 18, the pattern of openings 22, 36 and

38 aligns with the pattern of electrical contact points 16.

Contact points 16 are, by means of the openings 22/36/38 that

are created in the layer 20 of polyimide, electrically extended

to the surface of layer 20.

The above referenced material that is used for the
deposition of layer 20 is polyimide, the material that can be
used for this layer is not limited to polyimide but can contain
any of the known polymers (SiCl,0,). The indicated polyimide 1is
the preferred material to be used for the processes of the
invention for the thick layer 20 of polymer. Examples of
polymers that can be used are silicons, carbons, fluoride,
chlorides, oxygens, parylene or teflon, polycarbonate (PC),
polysterene (PS), polyoxide (PO), poly polooxide (PPO),

benzocyclobutene (BCB).

Electrical contact with the contact points 16 can now be

established by filling the openings 22/36/38 with a conductive
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beiizocyclobuteiie (BCB). Electrical coiitact with the coiitact poiiits 16 caii ilow be established by filliiig the

conductors that are contained in openings 22/36/38 can now be used for connection f)é tbr)le IC2tr§ (1)t§
environment, and for further integration into the surrounding electrical circuitry. This latter Statsment is
the same as sayin tllgt nélc%%duct%r (%ewceés %’:\t Q@/%E)een 3%row ed in the sg(r)f%ge 19{15 bstraete 10

can, via the Conductive “interconmects contained in openlngseifl ?3%5‘ efurther connectéd to™ "

surrounding components and circuitry. Int pads 26 and.28 are formed on top of surfaces.24 of
the metal IOTASARTS cantail in Sheriiges 3. 56 Gk SAoTnESe Bade 26 and 28 an Be ot ary

design in wigth angHnickness to, eepmmedate speaific clrcylt desiap requitements, & Rad gan,fer
instance, be used as a flip chip pad. Other pads can be use for power distribution or as a ground or

signal bus. The follgwing, gopnections can, E%%%f?@%?/.h‘?rﬂ?gefgé% pagds spown o Fig. 1;,pad 26

can serve as a flip chip pad, pad 28 can serve as a flip chip pad or can be connected to electrical power

orto decﬂkgﬂ&goggﬂgg fﬂ%e@ﬁgpaéém9959ﬁ%é@g¥e5%990es that have been

provided in the surface of substrate 10 can, via the conductive
interconnects contained in openings 22/36/38, be further
connected to surrounding components and circuitry. Interconnect
pads 26 and 28 are formed on top of surfaces 24 of the metal
interconnects contained in openings 22, 36 and 38. These pads 26
and 28 can be of any design in width and thickness to
accommodate specific circuit design requirements. A pad can, for
instance, be used as a flip chip pad. Other pads can be used for
power distribution or as a ground or signal bus. The following
connections can, for instance, be made to the pads shown in Fig.
1: pad 26 can serve as a flip chip pad, pad 28 can serve as a
flip chip pad or can be connected to electrical power or to
electrical ground or to an electrical signal bus. There is no
relation between the size of the pads shown in Fig. 1 and the
suggested possible electrical connections for which this pad can
be used. Pad size and the standard rules and restrictions of
electrical circuit design determine the electrical connections

to which a given pad lends itself.
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relation between the size of the pads shown in Fig. 1 and the suggested possible electrical connections
for which this pad can be used. Pad size and the standard rules and restrictions of electrical circuit
design determine the electrical connections to which a given pad lends itself. 22 10 M D24005 lee,5
following comments relate to the size and the number of the contact points 16, Fig. 1. ecat e2tRese

contact points 16 arg locajed on, op of 2 thin diplectrc (ayers 14, Fig- 1) {he pad sige cannot e too
large since a large pad size brings with it a large capacitance. In addition, a large pad size will interfere

with the routin ability of that layer of al. It. is therefgre preferred to keep the size of the pad 16
elatively Sri. TR S0 CF b T8 o howbuer A8 ooty FORICT itk e seBaLF atotel heo2/36/38.

An aspect rafg of aboyl 315 apceRiable fofghe consideralionof via stching, and viayfiling. Bassd on

these considerations, the size of the contact pad 16 can be in the order o um to 30 ur%,' the exact

size being depengent on the thickness of laysrs 18 and 20, The refergnged application %Orefn'goé impose
a limitation on the number of contact pads that can be included in the design, this number is dependent
OnpaCkageQ§@gnf%qg"@Q§8ELEgﬁgbitance. In addition, a large pad size will
interfere with the routing capability of that layer of metal. It
is therefore preferred to keep the size of the pad 16 relatively
small. The size of pad 16 is however also directly related with
the aspect ratio of vias 22/36/38. An aspect ratio of about 5 is
acceptable for the consideration of via etching and via filling.
Based on these considerations, the size of the contact pad 16

can be in the order of 0.5 pm to 30 pm, the exact size being

dependent on the thickness of layers 18 and 20.

The referenced application does not impose a limitation on
the number of contact pads that can be included in the design,
this number is dependent on package design requirements. Layer

18 in Fig. 1 can be a typical IC passivation layer.

The most frequently used passivation layer in the present
state of the art is plasma enhanced CVD (PECVD) oxide and
nitride. In creating layer 18 of passivation, a layer of
approximately 0.2 pm PECVD oxide can be deposited first followed

by a layer of approximately 0.7 pm nitride. Passivation layer 18
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18 in Fig. 1 can be a typical IC passivation layer. The most frequently used passivation layer in the
present state of the art is plasma enhanced CVD (PECVD) oxide and nitride. In creating layer 18 of
passivation, a layer of approximately 0.2 um PECVD oxide can be deposited first follg ebqlasl%)g ?d%%ter of
approximately 0.7 um nitride. Passivation layer 18 23 10 May 2005 is very importaiit becauske it protects
the device wafer frorm mrgisturte %utd oreigii loii c.oiitamiii%tioijc. Th&posoiltioiiiilcg of thilg, Jlrayg betweeii the
sub-microii plr(%céfses (%f%hg ﬁllifegarate celrccuﬁfeaii%itthglféause-r%lcsroil p?ocees\s”(me th"éamteercmhlg&iiig

metalizatioii str.ucICuregis of O{:rirtical imlgPortaiice siiicg it aIIov%s. for a ;f‘ﬂea er process that %’95%'99’ has less
. moO1STuUr an orel 10n Ccon minatliQn.... e LOslLlLi1onin . S
striiigeiit cleal room reqwremeuts% trﬁe process ofacreaﬁng ﬁwe iiitercoifiectiiig mejtaﬁjza ioii structure.

Layer 20 s 3 ik plymat dieleqtdc layer {for example olimids) thathaye adhickiiess i exeess of 2
um (after curm&). The raiige of the polymer thickiiess cail vary from 2 um to 150 um, depeiidelit oi

electrical desigli requiremelits, For Ing depgsitioll of layer 0 the Hitach bupoiit polylmidg ;HR 2734 or
2734 caii, for example, be used. The polyimide caii be spiil-oil coated aiid cured.”After spiii-oll coatiiig, the
polyimide

structure) is of critical importance since it allows for a
cheaper process that possibly has less stringent clean room
requirements for the process of creating the interconnecting

metalization structure.

Layer 20 is a thick polymer dielectric layer (for example
polyimide) that have a thickness in excess of 2 pm (after
curing) . The range of the polymer thickness can vary from 2 pm

to 150 pm, dependent on electrical design requirements.

For the deposition of layer 20 the Hitachi-Dupont polyimide
HD 2732 or 2734 can, for example, be used. The polyimide can be
spin-on coated and cured. After spin-on coating, the polyimide
will be cured at 400 degrees C. for about 1 hour in a vacuum or
nitrogen ambient. For a thicker layer of polyimide, the

polyimide film can be multiple coated and cured.

Another material that can be used to create layer 20 is
the polymer benzocyclobutene (BCB). This polymer is at this time

commercially produced by for instance Dow Chemical and has
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will be cured at 400 degrees C. for about 1 hour iii a vacuum or iiitrogeii ambieiit. For a thicker layer of
polyimide, the polyimide film caii be multiple coated aiid cured. Aiiother material that caii be used to create
layer 20 is the polymer beiizocyclobuteiie (BCB). This polymer is at this time comme{%iall\l/}/ IE}ro 618gd by
for iiistaiice Dow Chemical aiid has 24 10 May 2005 receiitly gaiiied acceptaiice to be used Histead of

typical polyinrwiéjg ?ptpllicaticgjﬁ;rhg diméaeiisioiis oéo %iii'ii) S 22,636 giri%gg hgvgfor viogglglbeeii discussed.
The dimeiisidii of the gpe?imgs?oggtﬁer Riththe disled ricutﬁlc%iiess &termiie t gpaspect ratio of the

opeiliilg. The afgercnt.r(gtio chaéﬁii eg,.ltgg via etch process aiid the metal filliig capability. This qug_g toa

diameter for%pe' iﬁg§ 2136758 iii the ralige of approximately 0.5 um to 30 um, the height for opeiiiiigs

desigiied such that filliiig of the via with metal cail be accomplished. The via caii be filled with CVD metal
such as CVD tuiigstgil of G¥D, copper. with glecitg-less Juckel with,a damascelie Jpetal filliug process,
with electroplatiiig copper, etc.
been discussed. The dimension of the openings together with the
dielectric thickness determine the aspect ratio of the opening.
The aspect ratio challenges the via etch process and the metal
filling capability. This leads to a diameter for openings
22/36/38 in the range of approximately 0.5 pm to 30 um, the
height for openings 22/36/38 can be in the range of
approximately 2 pm to 150 pm. The aspect ratio of openings
22/36/38 is designed such that filling of the via with metal can
be accomplished. The via can be filled with CVD metal such as
CVD tungsten or CVD copper, with electro-less nickel, with a

damascene metal filling process, with electroplating copper,

etc.

The referenced application can be further extended by
applying multiple layers of polymer (such as polyimide) and can
therefore be adapted to a larger variety of applications. The
function of the structure that has been described in Fig. 1 can
be further extended by depositing a second layer of polyimide on
top of the previously deposited layer 20 and overlaying the pads

26 and 28. Selective etching and metal deposition can further
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The refereiiced applicatioii caii be further exteiided by applyiiig multiple layers of polymer (such as
polyimide) aiid cail therefore be adapted to a larger variety of applicatioiis. The fuiictioii of the structure
that has beeii described iii Fig. 1 caii be further exteiided by depositiiig a secoiid Iayerr%Bf &oléin}igs il top
of the previously deposited layer 20 aiid overlayiiig the pads 26 aiid 28. Selective etchiiig aiid rieta
depositioii caii fugt@gr %g &Otl\{lgx 5905 crgatecaddltlonal cont%ilt gpomt§ on theosyrf%e of the Islcacond layer

of polyimide Thatcan e |therconnectcéaI\llvfhcpaé)soiél %%do% diﬁgnalé}gfers of po?yi%%:eoand the

thereon created contact pads can be customized to a particular application, the indicated extension of
G bohmiles GEAF oniances e ity Ard eotineed oFind idronted

. a r O O 11m ca
multiple layers ngOWIm es%rea{t Rhances the flexibi Ness o eference

continuationiq-partappligaliqn. Fig. J shaws 2 pasic design adyaniage ofbe referencetl oq
1 This i

continuation-in-part application. vantage allows for sub- micron or fine-lines, that runin the

immediate vicinity of the, metal layegs 14, and e contact points 16, ta,pe extended in an, ypward,

direction 30 through metal interconnect 36. This extension continues in the direction 32 in the horizontal

plane of the:mgtal interconnect 28 and semes hagkidown inthe downward: s ges greatly

enhances the flexibility and usefulness of the referenced

continuation-in-part application.

Fig. 1 shows a basic design advantage of the referenced
continuation-in-part application. This advantage allows for sub-
micron or fine-lines, that run in the immediate vicinity of the
metal layers 14 and the contact points 16, to be extended in an
upward direction 30 through metal interconnect 36. This
extension continues in the direction 32 in the horizontal plane
of the metal interconnect 28 and comes back down in the downward
direction 34 through metal interconnect 38. The functions and
constructs of the passivation layer 18 and the insulating layer
20 remain as previously highlighted. This basic design advantage
of the invention is to “elevate” or “fan-out” the fine-line
interconnects and to remove these interconnects from the micro
and sub-micro level to a metal interconnect level that has
considerably larger dimensions and that therefore has smaller
resistance and capacitance and is easier and more cost effective

to manufacture. This aspect of the referenced application does
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direction 34 through metal interconnect 38. The functions and constructs of the passivation layer 18 and
the insulating layer 20 remain as previously highlighted. This basic design advantage of the invention is
to "elevate” or "fan-out" the fine-line interconnects and to remove these interconnectslgrom the an& o and
sub-micro level to a metal interconnect level that has considerably larger dimensions and fhat gher fore
has smaller re istance acrﬂd car%;?C|tancc—:'C gng }isoeasﬁlgr and more Cost efefg(gl.ve to F@%&ﬁcturedThls

aspect of thé reference aeppﬁc ioh does 2 C‘I\ﬂay 566§nﬁot include anylass%Jé% of condu%ﬂng line

re-distribution, ardl fherefore has aninhetent qualiy f smpliciy,  herefore futheraddsjathe
Importance o e ref%rencedsapﬁhca ion in I%hatcﬁlmai‘(eg mICro an(]fsub-ml%ro wiring accessff)?e at a wide

and thick melg)leyel, The Jtetcontiegtiqns.20..36,a0d 38 interconaesthe fie-eys! metel by aping up
. | |

through the passivation and polymer or polyimide dielectric layers, continuing over a distance on the

wide and thick, metal Jeyel and gontinuing gy descanaing from the,wide.and thigk metal Jeyal jaack down

to the fine-metal level by again passing down through the passivation and polymer or polyimide dielectric

layers. The gxiensionsthatarein faigmanngraccomplished 0eedILbso, 36 ana 38

interconnect the fine-level metal by going up through the
passivation and polymer or polyimide dielectric layers,
continuing over a distance on the wide and thick metal level and
continuing by descending from the wide and thick metal level
back down to the fine-metal level by again passing down through
the passivation and polymer or polyimide dielectric layers. The
extensions that are in this manner accomplished need not be
limited to extending fine-metal interconnect points 16 of any
particular type, such as signal or power or ground, with wide
and thick metal line 26 and 28. The laws of physics and
electronics will impose limitations, if any, as to what type of
interconnect can by established in this manner, limiting factors
will be the conventional electrical limiting factors of
resistance, propagation delay, RC constants and others. Where
the referenced application is of importance is that the
referenced continuation-in-part application provides much
broader latitude in being able to apply these laws and, in so

doing, provides a considerably extended scope of the application
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limited to extending fine-metal interconnect points 16 of any particular type, such as signal or power or

ground, with wide and thick metal line 26 and 28. The laws of physics and electronics will impose

limitations, if any, as to what type of interconnect can by established in this manner, Iirb]itin fagténg)grhwill
0

be the conventional electrical limiting factors of resistance, propagation delay, RC congtants af ers.

Where the referenced application is gf gn artance. is thatolr'h refergnc%d continuaftionﬁin- art application
. aﬁéjus% O .?ﬁ e%ﬁ$ e ﬁrCUlt? ﬁ? %he a %p atl%P.O thege

provides much "broader [atitude in being able to apply these laws and; in'so doing, provides a

considerably e@gﬂq%% s%%p%ogqtfﬁeapaorgi ati nlg}z 10el\t/lg¥ ZeOIQ\Sfi%nd use of Integrated Circuits and the

adaptation of these circults t6 a'wide and thick metal environment. %?g.ez“s lows how the basic

interconnect aspect of the referenced continuation-in-part application can further be extended under the

present invention to not only elevate the fine-metal to the plane of the wide and thick metal but to also

add an ind_uctor on ]_gq%gurﬁa%%%tgehtgkgkg@éergaos% pg!y{rgipgogpg é’@dlé(g%igtcrg%tegﬂg a plane that is
parallel with the surfaCe of the substrate 10 whereby this plane however Is separated from the surface of
theSUbsuau%é9§yénged continuation-in-part application can further be

extended under the present invention to not only elevate the

fine-metal to the plane of the wide and thick metal but to also

add an inductor on the surface of the thick layer 20 of

polyimide. The inductor is created in a plane that is parallel

with the surface of the substrate 10 whereby this plane however

is separated from the surface of the substrate 10 by the

combined heights of layers 12, 14, 18, and 20. Fig. 2 shows a

cross section 40 of the inductor taken in a plane that is

perpendicular to the surface of substrate 10. The wide and thick

metal will also contribute to a reduction of the resistive

energy losses. Furthermore, the low resistivity metal, such as

gold, silver and copper, can be applied using electroplating,

the thickness can be about 20 pm.

Fig. 3 shows a top view 42 of the spiral structure of the
inductor 40 that has been created on the surface of layer 20 of
dielectric. The cross section that is shown in Fig. 2 of the
inductor 40 has been taken along the line 2-2’ of Fig. 3. The

method used for the creation of the inductor 40 uses
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combined heights of layers 12, 14, 18, and 20. Fig. 2 shows a cross section 40 of the inductor taken in a
plane that is perpendicular to the surface of substrate 10. The wide and thick metal will also contribute to
a reduction of the resistive energy losses. Furthermore, the low resistivity metal, suc 8SM%O|d @ibvgr and
copper, can be applied using electroplating, the thickness can be about 20 um. Fig. showe a p view

42 of the spiral structcujrg of ih% elp:q'l__zl}C or 40 that th beerzlfglreated on the surface of Ia){ic;,\]ret 0 of dielectric.

The cross section that is shown iri |g.828 the" nductdr 40 has béen e{ke%oéjlgﬁé tien 2 of Fig. 3.

The methodl%(eed fo(g1 the creation fthee ?edggﬁoor 410 l%sles 28 10 M@é %OOS %Qciié/eiitioiial methods of

metal, such as gold, C%BBSrlia—“uldptrhe ?f<e, epositioii Sy ePe%tr%f)la fﬁg or méta spuﬁté?%?ggessss%%' Fig. 4

shows a top view of iiiductor 40 whereby the iiiductor has beeii further isolated from the surface of the

et mataklr el o )0, e ec L driplen sl et
has been further isolated from the surface of the substrate 10
by the addition of layer 44 of ferromagnetic material. Openings
are created in layer 44 of ferromagnetic material for the
conductors 36 and 38, the layer 44 is deposited using
conventional methods to a thickness that can be experimentally
determined and that is influenced by and partially dependent on
the types of materials used and the thickness of the layers that
are used overlying the ferromagnetic material (such as layer 20)
for the creation of the structure that is shown in cross section
in Fig. 4. The surface area of the ferromagnetic layer 44
typically extends over the surface of layer 18 such that the
inductor 40 aligns with and overlays the layer 44, the surface
area of layer 44 can be extended slightly beyond these

boundaries to further improve shielding the surface of substrate

10 from the electromagnetic field of inductor 40.

Layer 44 is not limited to being a layer of ferromagnetic
material but can also be a layer of a good conductor such as but
not limited to gold, copper and aluminum. The overlying inductor

40 that is created on the surface of layer 20 of polyimide can
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the types of materials used aiid the thickiiess of the layers that are used overlyiiig the ferromagiietic
surface area of the ferromagiietic layer 44 typically exteiids over the surface of layer %% SMCh t'}%t tge
iiiductor 40 aligiis with aiid overlays the layer 44, the surface area of layer 44 caii be extelided slngn ly
beyoiid these bauiidaries to %urther improve shieldiiig the surface of substrate 10 from the
electromagii%telc ﬁés’l(cji%ﬁled%c or 40, %%/e}lﬁ elsrﬁaftﬁfgrll%tesdl %lgﬁﬁg 3Lfagfe%rro% grrgégai\‘fet?c lrﬁﬂé@%ﬁal but
CmiMSObeéZEweﬁOEa quf¥§dgcggiﬁgga erromagnel Ic ol uc,to

overlyiiig iiiductor 40 thatis created Oil the surface ofnfa)ger ZtOlof po ylmige caii 29 1 ayr2'005 be
isolated from the uiiderlyiiig silicoii substrate 10 by a layer 44 that comprises either ferromagiietic or a
good coiiductor. Fig. 5a shows, for reasoiis of clarity, a simplified cross sectioii of the substrate aiid the
layers thal are crealgd,oil fie Syface of e subsirale tyder.the,progesses.af i fivelitiols e

highlighted areas that are showii haveé previously beeil ideiitified as: - 10, the silicoii substrate

brut iiot limited to gold, coggg_r aiid %Iumiiium. The

section of the substrate and the layers that are created on the

surface of the substrate under the processes of the invention,

the highlighted areas that are shown have previously been

identified as:

- 10, the silicon substrate

- 12, a layer of dielectric that has been deposited over the
surface of the substrate

- 14, an interconnect layer that contains interconnect lines,
vias and contact points

- 16, contact points on the surface of the interconnect layer 14

- 18, a layer of passivation into which openings have been
created through which the contact points 16 can be accessed

- 20, a thick layer of polymer, and

- 21, conductive plugs that have been provided through the layer

20 of polyimide.
The thick layer 20 of polymer can be coated in liquid form

on the surface of the layer 18 of passivation or can be

laminated over the surface of layer 18 of passivation by dry
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layer that coiitaiiis iiitercoiiiiect lilies, vias aiid coiitact poiiits - 16, coiitact poiiits oii the surface of the

iiitercoiiiiect layer 14 - 18, a layer of passivatioii iiito which opeiiiiigs have beeii creat%%trﬂgougghgv
coiitact poiiits 16 caii be accessed - 20, a thick layer of polymer, aiid - 21, coiiductive plugs?ﬁ]at

provided thrc%fu]t h the Ia%er 20.0f£0| ) ide. The thick Ia¥er 20 ofe%oI}zgw]?r caii be coated iii Ilqyld for

the surface

by dry 30 1OCI\g% 1%C(:) ?Vﬂlm
be defiiied by coliveii ioilal r?roc Sses 0

It is clear fro
has beeii cr
caii be creat

€ 1ayer

tolithography or rea tec

revio iISCUSS|Qiis that t equeiice of layers that.is showij iji cross sectioii iii Fig
%%%Os%lt%%éélé%ﬁ/alOeﬁe&#cgafpc%mggé%faeﬁ%és& lzﬂ% aill%ilg urctoeré,i!]élc%%iacitor aiid the |
ed oif the sytface

It is clear from previous discussions that the sequence of
layers that is shown in cross section in Fig. 5a has been
created so that additional electrical components such as an
inductor, a capacitor and the like can be created on the surface
of layer 20 of polyimide and in electrical contact with
conductive plugs 21. Layer 12 of dielectric may, in the cross
section that is shown in Fig. 5a, be part of layer 14 since
layer 14 is a layer of Intra Level Dielectric (ILD) within which

layer 12 can be readily integrated.

With respect to the cross section that is shown in Fig. 5b,
the same layers that have been identified for Fig. 5a are again
provided in this cross section. Additionally has been shown the
upper layer 17 of the silicon substrate 10 that contains active
semiconductor devices. Also shown is the cross section of an
inductor 19 that has been created on the surface of layer 18 of
passivation. It must again be emphasized that the ohmic
resistivity of the metal that is used for inductor 19 must be as

low as possible. For this reason, the use of a thick layer of
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of layer 20 of polyimide aiid iii electrical coiitact with coiiductive plugs 21. Layer 12 of dielectric may, iii

Dielectric (ILD) withiii which layer 12 caii be readily iiitegrated. With respect to the cros sectiog gb%t is

showii iii Fig. 5b, the same layers that have beeii ideiitified for Fig. 5a are agaiii providedMlﬁl%/his cross

sectioii. Additioiially has beeii shawii the u r layer, 17 of the silicoii substrate 10 that coiitaiiis active
omioidut Aot IAL IAEE R 4 e e e e I R ab RS B e
surface of layer 18 of ,passivatioii. It must agaiji be emphasized that the ohmic resistivity of the metal that
is used for iii%%c o?s.LQk%ﬁgt k?e}1 gémlo&vnhgs%pgss{lgléc orE fhis r'reaos%j;ii,gt%lj;{aduslenc():fr a thic ClIa%re of"31 10 May

2005 for iiistaiice gold.is.preferred fo formatigii of iiiductor It has, beeii showyii that a thick layer of
v ug !)df :Lng é_t r {5hef (gIrI[l] Igéu 9 O g‘kg%%tér%%‘ E%r BVX g’ﬂﬁz

gold iiicreased the Q value of filductor 19 from about 5 to about Hz applicatioiis, which

represeits a sigificait uprovemelitl the. Quvalue of iiduetoy 19, Fig, 6a.shows 2 £iqss seetiefiof 2

capacitor that'has beeli created ol the surface of a substrate 10. A layer 14 o

Q value of inductor 19.

Fig. 6a shows a cross section of a capacitor that has been
created on the surface of a substrate 10. A layer 14 of
conductive interconnect lines and contact points has been
created on the surface of substrate 10. A layer 18 of
passivation has been deposited over the surface of layer 14,
openings have been created in layer 18 of passivation through

which the surface of contact pads 16 can be accessed.

A capacitor contains, as is well known, a lower plate, an
upper plate and a layer of dielectric that separates the upper
plate from the lower plate. These components of a capacitor can
be readily identified from the cross section that is shown in
Fig. 6a, as follows:

- 42 is a conductive layer that forms the lower plate of the
capacitor
- 44 is a conductive layer that forms the upper plate of the

capacitor
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coiiductive iiitercoiiiiect lilies aiid coiitact poiiits has beeii created oii the surface of substrate 10. A layer

18 of passivatioii through which the surface of coiitact pads 16 caii be accessed. A c%%acitor C i't81 is, as
. L .. . . . May ?¢ E
is well kiiowii, a lower plate, aii upper plate aiid a layer of dielectric that separates the upper- plate from
the lower plate. These compoiieiits of a capacitor caii be readily ideiitified from the cross sectioiji that is

showii iii Fig. 64 asollbWs: 947 15 thitductvéayerthdt fOTRiS the fower Matd etthe Peaiatitor - 44 is a

coiiductive layer that forms the ui)ger p!iate ofthe ¢ $nacitor 312 10 Mazy 2005 - 46 is the dielectric layer
that separates the u%p%r S%Et)ea 42 ot the 536501? or front the i%\/\fé?%lall[e 42. It must be iioted from the cross

passivatioii, the process of creatiiig the capacitor is therefore referred to as a post-passivatioii processiiig
sequeiice. Proc?[scsnrir%%%ii%ﬂemir'ls’oaciigén%treéirg'lsct}?gt 8%'(')?% ugggtion that is shown in

Fig. 6a that the capacitor has been created on the surface of

layer 18 of passivation, the process of creating the capacitor

is therefore referred to as a post-passivation processing

sequence. Processing conditions and materials that can be used

for the creation of the respective layers 42, 44 and 46 have

already been highlighted and need therefore not be further

detailed at this time.

The main points of interest are the various thicknesses to
which the three layers 42, 44 and 46 can be deposited, as
follows:

- layer 18 of passivation between about 0.1 pm and 0.3 um

- layer 42 of conductive material between about 0.5 and 20 pm

- layer 44 of dielectric between about 500 and 10,000 Angstrom,
and

- layer 46 of conductive material between about 0.5 and 20 um.

The post-passivation created capacitor that is shown in cross

section in Fig. 6a has:
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for the creatioii of the respective layers 42, 44 aiid 46 have already beeii highlighted aiid iieed therefore
iiot be further detailed at this time. The maiii poiiits of iiiterest are the various thickiiesses to which the
three layers 42, 44 aiid 46 caii be deposited, as follows: - layer 18 of passivatioii betV\i eiiMabOLg 6)035 um
aiid 0.3 um - layer 42 of coiiductive material betweeii about 0.5 aiid 20 um - layer 44 0 diefettric betweei
about 500 aiid 10,000 Poigstrom,  aiid - layer 46 of coiiductive material betweeii about 0.5 aiid 20 um.

The post-passivatioit Créatéd Eapaditor thatid ShoR fiF crosss&ctioli P Figf Bathals? 33 May 2005

reduced parasitic Co?§ itance between theuqéalgacitor and the underlying silicon substrate allowed for the
f r

use of a thick Ia%lr %%ﬁldrﬂ%tﬁel matefial® ﬁ(ﬁﬁé the resistance of the capacitor; this is particularly

important for wireless applications allowed for the use of high-dielectric material such as Ti02, Ta205 for
the dielectric befweS e dideraid theSowér platd ‘ot the CoBacitor, Fedftifglin ShiJREFEdpacitive

value of : . . C .
reducing the resistance of the capacitor; this i1s particularly

important for wireless applications

- allowed for the use of high-dielectric material such as TiOy,
Ta,0s5 for the dielectric between the upper and the lower plate
of the capacitor, resulting in a higher capacitive wvalue of

the capacitor.

Fig. 6b shows a three-dimensional view of the solenoid
structure of an inductor 19 that has been created on the surface
of the layer 18 of passivation. Further highlighted in Fig. 6b
are:

- 23, vias that are created in the thick layer of polymer 20,
Fig. 5a, for the interconnects of the upper and the lower
levels of metal of the inductor

- 25, the bottom metal of the inductor

- 27, the top metal for the inductor.
Fig. 6c shows a three dimensional view of an inductor that

has been created on the surface of a layer 18 of passivation by

first depositing a thick layer 29 of polymer over which a layer
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the capacitor. Fig. 6b shows a three-dimensional view of the solenoid structure of an inductor 19 that has
been created on the surface of the layer 18 of passivation. Further highlighted in Fig. 6b are: - 23, vias
that are created in the thick layer of polymer 20, Fig. 5a, for the interconnects of the ynper andztgggower
levels of metal of the inductor - 25, the bottom metal of the inductor - 27, the top metal for the inductor.
Fig. 6¢ showi a Ithre dim nsignal view of an inductor thaatdhas been %:fated on the g%ace o%g layer 18
of passivatio nboy firs Od“é%osﬁingpaot]fﬁ’&elgyérs 2 %?Bg@meer’ov%%ev%ic a?d:yeer%f 1 ayl 20 e(iiot

showii) of po#%r#e%:;sg%eé)é)%?e%g@sié %3 abr%l &c&%a%i%)(}iég]% g}ic%%?ygéﬁeg 1%.I;i(%_S(?g)ofCRolymer. lii additioii to

the previously |§ 6cs polyimi & liiductor 19 is created by
creatiiig the ottom mefal 25, fhtlfe iij ucé[orlJaQ th% to%metal627 %fhtge iiidauqor giid ybe gi s 23 that are
created iii Ia\?éfr 2‘7018515. ga) tﬁ%t p%g?érgb y coﬁ)t%ﬁis'a pél%r'ner.cFig. d Shows tojfa view of layer 20 oii
thesu”ace?kdyimide. The inductor 19 is created by creating the bottom

metal 25 of the inductor 19, the top metal 27 of the inductor

and the vias 23 that are created in layer 20 (Fig. 5a) that

preferably contains a polymer.

Fig. 6d shows a top view of layer 20 on the surface of
which an inductor has been created as previously shown in Fig.
bc. Vias 23 are highlighted as are top metal lines 27 of the
inductor 19, bottom metal lines 25 of the inductor 19 (hatched
since they are not visible on the surface of the layer 20).
Further detailed are vias 23’ and 23”, the lower extremity of
via 23’ and the upper extremity of via 23” are connected to
interconnect lines 31 and 33 (Fig. 6e) respectively, theses
interconnect lines 31 and 33 provide the connection for further

interconnect of the inductor 19.

Fig. 6e shows a cross section of the structure of Fig. 6d
whereby this cross section is taken along the line 6e-6e’ that
is shown in Fig. 6d. Contact pads 16’ have been provided on the
surface of layer 18 of passivation, these contact pads 16’ make

contact with the wvias 23, 23’ and 23” for interconnection
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metal liiies 27 of the iiiductor 19, bottom metal liies 25 of the iiiductor 19 (hatched siiice they are iiot
visible oii the surface of the layer 20). Further detailed are vias 23" aiid 23", the lower_ e tﬁzmity %fo ¥ia 23'
aiid the upper extremity of via 23" are coiiiiected to iiitercoiiiiect liies 31 aiid 33 (Fig. E;Le(%< re%b’egtlve Y,

theses iiitercaiiiiect liiies, 31 aii %3 rovide the coiiiiectioii for further iiitercoijiiect of the iiiductor. 19. Fig.
Go shows & EH62 SBiGH o1 B8 SIS of Fig S LGBy 116 clubs Cuioh o (BT BGIG 1 lre

6e-6e' that is.showii iii Fig. 6d. Coiitact pads 16' have beeii provided.aii tzf surfac layer 18 of
pasanatiol, f1oss Ot B0 16 ok caltaSt e ks 5, SHRIcA of G don Rl 38 10

May 2005 bewyes the baftom 1etgl, 25, of iducior 19.aid fhe ypper metal 27 of the fiductor 19

liitercoiiiiects to vias ail are the liiies 3 which, as previously stated, coiiliect the iiiductor

19 to surrotujdjig, glecrical cirguitry o compajigilts, Lhe creatipil of a torqidal iiduciar averlyliiga layer of

passivatioii has beeli showii il Figs. 6f alld 6g where toroidal coil 19' is created oii the surface of a layer
18 of passivatioil.

The creation of a toroidal inductor overlying a layer of
passivation has been shown in Figs. 6f and 6g where toroidal
coil 19’ is created on the surface of a layer 18 of passivation.
Top level metal 27’, bottom level metal 25’ and vias 23’ that
interconnect bottom level metal 25’ with top level metal 27

have been highlighted in Fig. 6f.

Fig. 6g shows, for further clarification, a top view of the
toroidal 19" of Fig. 6f. The highlighted features of this figure
have previously been explained and therefore do not need to be

further discussed at this time.

Fig. 7 shows a cross section where, as in Fig. 6a, a
capacitor is created on the surface of substrate 10. In the
cross section that is shown in Fig. 7 however a thick layer 20
of polyimide has been deposited over the surface of the
passivation layer 18 and has been patterned and etched in order
to make the contact pads 16 accessible though the thick layer 20

of poly. The thick layer 20 of polymer removes most of the

36



Top level metal 27', bottom level metal 25" aiid vias 23 that iiitercoiiiiect bottom level metal 25" with top
level metal 27' have beeii highlighted iii Fig. 6f. Fig. 6g shows, for further clarificatioii, a top view of the
toroidal 19' of Fig. 6f. The highlighted features of this figure have previously beeii expll%iiied aiig 6}695refore
do iiot iieed to be further discussed at this time. Fig. 7 shows a cross sectioii where, as iiilvf‘?lé]. a, a

capacitor is created, %i(ijgche $! r;acce.lof sﬂ%gstr?te 10. 1]11 I;Chg g%osst ectioii that is ig%wii HI 4Fi . 7 however
r a

a thick Iayerci?)p%%olylrﬁide 4s beeii eeposﬂ‘éﬁ%vg the surfdce 0 hélpﬁaegsi\? loii Tayer 1 éilid has

beeii patteriied aiid etched iii order_to make the coiitact. pads 16 accessible though the thick layer 20 of
poly. The thig ?aye} %%eocftp%}ycmgrg’em%v%% ngggt gfutﬁtg %':661(5) %/Ia@u;()sos%r%gre)agi%or%ﬁa? is the lower plate

42, the uppe piate 44.ai the dielegyic 46, froquhe syrfage of substrate A0 byg distaige that is equal
. yi

S e e ..

to the thickiiess of layer It has prgwously eeil state that the raiige of polyimide thickiiess caii vary
from 2 um tq 150 ym aiid s depeiideiitoil elgctrical desigll, yeauieemeits.; [his statemelt is.alsa yglid for
the cross sectioil showiiii Fig. 7, the layers of the capacitor cali therefore be

vary from 2 pm to 150 pm and is dependent on electrical design

requirements. This statement is also valid for the cross section

shown in Fig. 7, the layers of the capacitor can therefore be

removed from the surface of substrate 10 by a distance of 2 um

to 150 pm. It is clear that this leads to a significant increase

in distance between the capacitor and the underlying silicon

substrate, the parasitic capacitance will therefore be

significantly reduced.

Fig. 8 shows a cross section of a substrate 10 on the
surface of which has been deposited a layer 18 of passivation, a
resistor 48 has been created on the surface of the layer 18 of
passivation. A resistor, as 1is well known, 1is created by
connecting two points with a material that offers electrical
resistance to the passage of current through the material. The
two points that are part of the resistance 48 that is shown in
cross section in Fig. 8 are the contact pads 16 that have been
created in or on the surface of the interconnect layer 14. By
creating layer 48 Dbetween the two contact pads, that

interconnects the two contact pads and that is deposited on the
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removed from the surface of substrate 10 by a distaiice of 2 um to 150 um. It is clear that this leads to a

capacitaiice will therefore be sigiiificaiitly reduced. Fig. 8 shows a cross sectioii of a si,ug)sﬁate 32% @Ilbl the
surface of which has beeii deposited a layer 18 of passivatioii, a resistor 48 has beeii creafed Sirthe

surface of thg la arcle8 %f passsj\éalt‘ifoiitiAorgsi toré%s 'isgwelcljkiir()é/vsiii i %rgag%g b¥> ggiiii%cti%gg% pggits with
a material that offérs eleécTrigéﬁ fesistaiice to the passade of curreiit roug the material. “the two poiiits

that are part oé Ct:%q: %siségii%e. %% tht tis Sh%vgg I é:rososfsec%tligii liinlffigjf1 are th%goiitg%te p%drs %165 tkg)ag have
beeii created ii or oif the surface of the'iltercoiiiect layer 14. By creafilig layer 48 betweeii the two

coitact pads, haf [jtercqiiects e, we coiltact pads 3d fgts depogierlof, e, 3740 May 2009
ivati [ (\é ir d%lnce V\ll;Ilt ?i af

surface of passivat nﬁayer 18, a resistor has been treated in  accor the processes of the

invention. Fqr the creation,, ot layer.48 a high tesistivity matepial capbeused sych-gs TaN, sflicop,pitride,

phosphosilicate glass (PSG), silicon” oxynitride, aluminum, alumindm oxide (AlxOy), fantalum,

oxynitride, aluminum, aluminum oxide (A1,0y), tantalum,
nionbium, or molybdenum. It is clear that dimensions such as
thickness, length and width of deposition of layer 48 of high
resistivity material are application dependent and can therefore
not be specified at this time in any detail. The resistor that
is shown in cross section in Fig. 8 is, as are the capacitors of
Figs. 6a and 7, created in a post-passivation process on the

surface of layer 18 of passivation.

Fig. 9 shows a cross section of a substrate 10, an
interconnect layer 14 has been created on the surface of the
substrate. A layer 18 of passivation has been deposited over the
layer 14 of interconnect metal, a thick layer 20 of polyimide
has been deposited over the surface of the passivation layer 18.
A resistor 48 has been created on the surface of the layer 20 of
polyimide. The resistor 48 is created connecting the two contact
pads 16 with a thin high resistivity layer of metal. By
increasing the distance between the body of the resistor and the
surface of substrate (by the thickness of the poly layer 20) the

parasitic capacitance between the body of the resistor and the
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nionbium, or molybdenum. It is clear that dimensions such as thickness, length and width of deposition of
layer 48 of high resistivity material are application dependent and can therefore not be specified at this
time in any detail. The resistor that is shown in cross section in Fig. 8 is, as are the ¢ ﬁ:acitorsré)g d:ggs. 6a
and 7, created in a post-passivation process on the surface of layer 18 of passivation. |g.a§’s OWS a
Cross section L%g substrate 101, an inetgrconnggi;clgxer 14 has been created on the surface of the

substrate. A?ayeri%ao epalsséiva%ohl%as been eposﬂeé%v%rrlthlem%fe\ﬁ of interconnect metal, a thick

layer 20 of po%inmidrtlaerq S pgee déaé)gsit%d O\S/eq:tlhe %Ua[faé:e'qcff@% pj?g%ivatic)l%layg‘rflg. &re?sistor 48 has
been created on'the surface of the Iaygr 20 of po?yimltﬁ)e.cllhe resistor 49 is created connet Ing the two
contact pad% 16 Wig}lg thin_hi Igr%si%t'évgt layer of metal. By increasing the distance between the body of
the resistor and the surfate g%smfbsatrate >(/b'y the thickness of the poly layer 20) the parasitic capacitance
between the body of the resistor and the 38 10 May 2005 substrate is reduced resultiiig iii aii improved
resistive compoiieiit (reduced parasitic capacitive loss, improved high frequeiicy performaiice).

Further applications of the post-passivation processing of
the invention are shown in Figs. 10 and 11, which concentrate on
making ball contact points between contact pads 16 and an
overlying electric component, such as a discrete inductor.
Proceeding from the surface of substrate 10 in an upward
direction, most of the layers that are shown in Fig. 10 have
previously been identified and are identified in Fig. 10 using
the same numerals as have previously been used for these layers.
Where Fig. 10 shows previously not identified layers is in:

- 50, contact plugs that have been formed through the thick
layer 20 of polymer

- 52, contact balls that have been formed on the surface of the
contact plugs 50 using conventional methods of selective
solder deposition (plating or ball mounting on the surface of
plugs 50), the application of a flux on the deposited solder
and flowing the solder to form the contact balls 52, and

- 54, a cross section of a discrete electrical component such as

an inductor or a discrete capacitor or a resistor.
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coiiceiitrate oil makiiig ball coiitact poiiits betweeii coiitact pads 16 aiid aii overlyiiig electric compoiieiit,
such as a discrete iiiductor. Proceediiig from the surface of substrate 10 iii aii upward, directioii gh%St of
S

the layers that are showii iii Fig. 10 have previously beeii ideiitified aiid are ideiitified iii ig.% asiflg the

same iiumerals as have previouysly beeii used for these layers, Where Fig. 10 shows previously iiot
ideiitified layers is i%l-qs'o, %:(l)iitsz;itl:g gﬁjg% that have beeii | oﬁ{mgé tﬁroﬁbijtﬁgéjrtjhicszkl %graf(?o ugol?/rr}ler - 52,
coiitact balls ﬂqat have_beeii f0£m§gioi' the sg:{fgg%é){éheefgg%gtlglu s 50 usiii%c%iivbejlitigiial ng)ethods of

selective soF er dself)ggf%%ﬁ (Slatiilg or al?mouutlilg oil the surface o pﬁj%nsl%)d} the apphc%ﬁoil of a flux oii

the depositeq splder i flowiia the, solfer 10, foryLhe cojiagt ballp 52.Ald 94,8 c10sS secloi of o

discrete electrical compoiielit such as aii liiductor or a discrete capacitor or a resistor. 39 10 May 2005

Fig. 11 shows a crogs sectieil of g siicqi sybsttate 10,9ii the stisface of whish ajdisgrete, electrical

compoiieiit 54 has beeil motuited, coiitact balls 56 are used whereby the distaiice betweeii
significant value. Contact balls are inserted into the openings
that have been created in the layer 18 of passivation overlying
the contact pads 16, the (relatively large) contact balls 56

create a significant separation between the surface of substrate

10 and the discrete electrical component 54.

The methods that have been shown in Figs. 10 and 11
indicate that:
- the passive component 54 is removed from the surface of
substrate 10 by a significant distance, and
- 1instead of mounting the passive, discrete component 54 on the
surface of a Printed Circuit Board (PCB), the passive
component 54 can be mounted closer to a semiconductor device

in the present invention.

Throughout the methods and procedures that have been
explained above using the examples that are shown in cross
section in the accompanying drawings, the following has been

adhered to:
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the substrate 10 aiid the electrical compoiieiit 54 is of a sigiiificaiit value. Coiitact balls are iiiserted iiito the

(relatively large) coiitact balls 56 create a sigiiificaiit separatioii betweeii the surface o §ubstrat O%g aiid
""" 11°Hidfcate that: -
the passive compoiieiit 54 is removed from the surface of substrate 10 by a sigiiificaiit distaiice, aiid -

iiistead of mouiifiif tHe Fass e, HiErelR CbnTodiRTiEs 2 Ofi the Surfite drd'Briftad CirtlitBSard (PCB),

the passive comp iieiit 54 caii be motuited closer to a semicoiidu%[or device .iii the preseijit ijiveiitioii.
Throughout the Teth63L' alfd Brocedtres that have b]é%ﬁluecxlprfaqiiié:d above f]%ﬁifﬁhé e‘iﬁrcn%lets}/]tﬁgt are
showii iii cross secti.orilioiii theda%com ailyiii drgwiq:ges, e followiii hats beeii I@d ered to: 40 10 May 2005
the passive comlpsoiiéutsLhcaeve beeii furth&r removed from the “sificoil substiate, t éFebyorSeaﬁéiiig the
iiegative impact fg%tu IS iiigucl%d t%(tehesﬁ%bs trate gue to electromagiietic losses

rre

- the post-passivation process of the invention allows for the
selection of discrete component design parameters that result
in reduced resistance of the discrete capacitor and the
discrete inductor, this is further clear from the following

comparison between prior art processes and the processes of

the invention.

Prior art requires for the creation of an inductor:
- the use of thin metal, which imposes the creation of
- wide coils for an inductor resulting in

- 1increased surface area that is required for the inductor which
in turn increases the parasitic capacitance of the inductor

causing eddy current losses in the surface of the substrate.

The present invention by contrast:
- can use thick metal, since the metal of the passive component
is (by the thick layer of polymer) removed from the (thin

metal) interconnect layer 14, and (as a consequence)
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iiicurred iii the substrate the post-passivatioii process of the iiiveiitioii allows for the selectioii of discrete
compoiieiit desigii parameters that result iii reduced resistaiice of the discrete capacitor aiid the discrete

iiiductor, this is further clear from the followiiig comparisoii betweeii prior art processelsoai]!\? the2068gesses
of the iiiveiitioii. Prior art requires for the creatioii of aii iiiductor: the use of thiii metal, Whlcﬁ-\*fmposes the

of the substrate. The preseiit iiiveiitioii by coiitrast: caii use thick metal, siiice the metal of the passive
compoiieilt is (b%/nt e thick layer of polymer) removed from the (thiii metal) iiitercoiiiiect layer 14, aiid (as a
coiisequeiice) 41 10 May 2005 - reduces the surface area that is required for the inductor, and - reduces

y
the resistivity of the Idtetdr thereby fctdading the 'G GartRBtHhE Triducis- Py increasing

the QO value of the inductor.

Although the preferred embodiment of the present invention
has been illustrated, and that form has been described in
detail, it will be readily understood by those skilled in the
art that various modifications may be made therein without
departing from the spirit of the invention or from the scope of

the appended claims.
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Although the preferred embodiment of the present invention has been illustrated, and that form has been
described in detall, it will be readily understood by those skilled in the art that various modifications may
be made therein without departing from the spirit of the invention or from the scope o{ Othﬁgppfﬁagd
claims. 42 10 May 2005 Claims 1. A method for forming an inductor for high performance n¥teg ated
circuits overlaying the surface of a semiconductor substrate, comprising: providing a semiconductor
substrate, in or on the surface of which semiconductor tevices have been created, having points of
electrical contact provided to said semiconductor devices in or on the active surface of said substrate;
creating an overlaying interconnecting metalization structure comprising one or more layers of

interconnects over e acilve-surface gf sald subsyrale. said layers.of ierconneqts comprising
conductive intérconnect lines or conductive contact points or conductive vias in one or more layers, with
points of electyical contact having, been provided, Jp o ppdhe spEface of said Querlaying jntereqnnecting

substrate, comprising:

providing a semiconductor substrate, in or on the surface

of which semiconductor devices have been created, having points

of electrical contact provided to said semiconductor devices in

or on the active surface of said substrate;

creating an overlaying interconnecting metalization

structure comprising one or more layers of interconnects over

the active surface of said substrate, said layers of

interconnects comprising conductive interconnect lines or

conductive contact points or conductive vias in one or more

layers, with points of electrical contact having been provided

in or on the surface of said overlaying interconnecting

metalization structure, at least one of said points of

electrical contact making contact with at least one of said

conductive interconnect lines or said conductive contact points

or said conductive vias provided in said one or more layers of

salid overlaying interconnecting metalization structure, at least

one of said metal lines or said contact points or said

conductive vias making contact with at least one of said points
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metalization structure, at least one of said points of electrical contact making contact with at least one of
said conductive interconnect lines or said conductive contact points or said conductive vias provided in
said one or more layers of said overlaying interconnecting metalization structure, at I%st one gé 8§id
metal lines or said contact points or said conductive vias making contact with at least one o sé4i points

emiconguctor devicgs ir]C or on the surface of said
% sald. se ucC d

43 10 May 2005 gfe%%%t{iggllcocm% tapcrg\/ided t0§a!§i o) mico 9) evices 1N
aying mterconnecrhng metalization Structlire;

O O rovidge
substrate; dépositing a passivation layer oVer said ove

. : t LSt ; : ) .
than said passivation gyesruarnda that is alS6 subst%nﬁalfyat icker than an inter-layer dielectric used for

creating said interc%re}[%%csti{]ﬁi n etgllié%tgosni%tg%cltgrne; {%rrréir%g g‘ggningg itgrog‘ggrﬁ{d Edql mer insulating,
separating layer and through said passivation layer to e%pose at_least one pair o shid points of electrical

contact having pgen oBG?é(Ed@ﬂqu or on_the suyface of §§[gcc&\{g@ying interconnecting metalization

structure;

depositing a Cp]g)l)gpler i}?sulating, seéoa(g%tirégdlﬁyeg over said passivation layer that is substantially thicker

depositing a polymer insulating, separating layer over said
passivation layer that is substantially thicker than said
passivation layer and that is also substantially thicker than an
inter-layer dielectric used for creating said interconnecting
metallization structure;

forming openings through said polymer insulating,
separating layer and through said passivation layer to expose at
least one pair of said points of electrical contact having been
provided in or on the surface of said overlaying interconnecting
metalization structure;

filling said openings with a conductive material, creating
metal contacts through said openings; and

forming said inductor on the surface of said polymer
insulating, separating layer, said inductor being connected to at
least one pair of said points of electrical contact having been
provided in or on the surface of said overlaying interconnecting

metalization structure.

2. The method of claim 1 wherein the size of said points of

electrical contact having been provided in or on the surface of
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filling said openings with a conductive material, creating metal contacts through said openings; and
forming said inductor on the surface of said polymer insulating, separating layer, said inductor being
connected to at least one pair of said points of electrical contact having been provid%%in or on Hb%
surface of said overlaying interconnecting metalization structure. 2. The method of claim HWheéreinthe
size of said point ofvglreftrlcal contagt havm%gegg Iprowd%d i‘rr:l or on the gtgqf%%eﬁgf 44,10 Ma%/ 2005

said overlayiTqiEJ1 i eﬁ:m|||ecgfﬁ/iér}ﬁet%1ﬂzaetﬁ)(ﬁosr%ruc ure'is withiit ez?alib(énof approxmjé?ely} 0.3"tm t0'50 um.

3. The method of claim 1 v(\)/@ereiii said]poiiigse[?f elng:g'_icarln co(i)itabcb haviiig beeii provided iii or oii the

surface of sali eovrearfé?/ﬁig |||te?g£iﬁgéllf5ame alizatioli éltruc%ure corHBlrise a material that is selected from

a group comprisiiig sputtered alumiiium, CVD tuiigsteii, CVD copper, electroplated gold, electroplated
silver, electroplated copper, electroless gold aild electroless iiickel. 4. The method of claim 1 whereby

said iiiductorys empeqgea i a dielectds giid {%@ggﬁe soyared .z layer of passiyatigh 5. The

method of claim 4 whereiii said dielectric is a low-

contact having been provided in or on the surface of said
overlaying interconnecting metalization structure comprise a
material that is selected from a group comprising sputtered
aluminum, CVD tungsten, CVD copper, electroplated gold,
electroplated silver, electroplated copper, electroless gold and

electroless nickel.

4. The method of claim 1 whereby said inductor is embedded in a

dielectric and furthermore covered by a layer of passivation.

5. The method of claim 4 wherein said dielectric is a low-K

dielectric.

6. The method of claim 1 with the addition of one or more layers
of ferromagnetic material overlying said passivation layer with
a thickness of between about 1,000 and 50,000 Angstrom and over
a surface area that is about the surface area over which said
inductor overlays said polymer insulating, separating layer,

interspersing said one or more layers of ferromagnetic material
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dielectric. 6. The method of claim 1 with the additioii of oiie or more layers of ferromagiietic material
overlyiiig said passivatioii layer with a thickiiess of betweeii about 1,000 aiid 50,000 Poigstrom aiid over
a surface area that is about the surface area over which said iiiductor overlays said polymer iii Iggiig,
separatiiig layer, iiiterspersiiig said oiie or more layers of ferromagiietic material 45 1& a%%ééé
betweeii the sugace of $ id pasff,' atioii Iaé/er aiig the the.reO\éer degosite:éj polém%iiis%kat@ , s%praratiiig
layer. 7. The method of claim L whersiii said fiductor is of & spl)i?é]I 8&&. aild is created Gil the surface of
said polymer iiisulatiiig, .separatiiig layer aiid jii.a plaiie that is paralle] to the plaile of the surface of said
polymer iiisu?aﬁfﬁa,séé%gra |i?§?§9%grf. .%%Hr%](catlhno%’ofs cﬁgi?nrfgv]hne%ee%a id iiiductor is created usiiig
damasceiie processiiig procedures. 9. The method of claim 1 whereiii said iiiductor is created usiiig
methods of photolithographic exposure aiid etchiiig. 10. A method for formiiig a capacitor for high

performaiice; liitagrated circuits oji the siyface of a,semicaildugtar, sybstrate. ; said capacitar, comprisiiig a
top plate aiid a bottom plate aiid a layer of dielectric iliterspersed betweell said top aiid said
design and is created on the surface of said polymer insulating,

separating layer and in a plane that is parallel to the plane of

the surface of said polymer insulating, separating layer.

8. The method of claim 1 wherein said inductor is created using

damascene processing procedures.

9. The method of claim 1 wherein said inductor is created using

methods of photolithographic exposure and etching.

10. A method for forming a capacitor for high performance
integrated circuits on the surface of a semiconductor substrate,
said capacitor comprising a top plate and a bottom plate and a
layer of dielectric interspersed between said top and said
bottom plate, comprising:

providing a semiconductor substrate, in or on the surface
of which semiconductor devices have been created, having points
of electrical contact provided to said semiconductor devices in

or on the active surface of said substrate;

46



bottom plate, comprisiiig: providiiig a semicoiiductor substrate, iii or oii the surface of which
semicoiiductor devices have beeii created, haviiig poiiits of electrical coiitact provided to said
semicoiiductor devices iii or oii the active surface of said substrate; 46 10 May 2005 lcg;eay}iapg % 05
overlaying interconnecting metalization structure comprising one or more layers of interconnects over the

active surface of said su%strate said Iaeyelrs of intercocnnects comgr.ising condfctiv interconnect lines or
. cre? 1ng %& %V r %¥1n in ercoqnec 1n% met% 1lza 1?n .
conductive contact points or conductive vias in one or more layers, with points of electrical contact having

been providedC in or on the surface of said overlaying interconnecting metalization strgcture at least one
or-m 11 NNecCrts, OV

. . .S u re comprisi one S a rs o [Shlele) er .
of said points O¥ eﬁecl:ltrlcal con?a@t méll%ng contact Wltﬁ at egs? one of said conductive interconnect lines

or said condugfive.contaat Rojats, oL said condyctye vies pravided fn,said, ane.orpore layers of said
overlaylng Interconnecting metalization structure, at least one or sald me ines or said contact points or

said conducfiye vias making.contget with atleast.one. of said Pr‘?’&'!et?c%fn‘?l%%t@C%'i%oé‘%,a%lpro"idw to said

semiconductor devices in or on the surface of said substrate, said points of electrica

conductive contact points or conductive vias in one or more
layers, with points of electrical contact having been provided
in or on the surface of said overlaying interconnecting
metalization structure, at least one of said points of
electrical contact making contact with at least one of said
conductive interconnect lines or said conductive contact points
or said conductive vias provided in said one or more layers of
salid overlaying interconnecting metalization structure, at least
one of said metal lines or said contact points or said
conductive vias making contact with at least one of said points
of electrical contact provided to said semiconductor devices in
or on the surface of said substrate, said points of electrical
contact provided on the surface of said overlaying
interconnecting metalization structure being divided into pairs
of even and odd numbered adjacent contact points whereby one
point of electrical contact can belong to only one pair;

depositing a passivation layer over said overlaying
interconnecting metalization structure;

patterning and etching said layer of passivation, creating

openings in said layer of passivation, at least one opening
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contact provided on the surface of said overlaying interconnecting metalization structure being divided
into pairs of even and odd numbered adjacent contact points whereby one point of electrical contact can
belong to only one pair; depositing a passivation layer over said overlaying interconn%tirﬂ/%mei%lggtion
structure; patterning and etching said layer of passivation, creating openings in said layer ﬁ’passwation,
at least one gpening 4710 May 2005, overlayiiig at least olic eyell colitadt poiit of said poiits of electrica
coiitact haviiig beeil B’rov ediii or oil the surface of sali overla%mg |||terc0||||ect|||gpme alizatioii structure;
depositiiig a first I%ye.r of coiiductive m%terial over the surface ofdsaid layer of pgﬁsivatioii iiicludiip said
ele r1c f contact avin cell. r.oafld% . 1n. F (%1"1 S surgaci.e (@) .
ayer o passwatlou,%a termué)au etchilig said first layer of coilductive “material

opeiiiilgs created lii sai
creatiiig aii og§gigg Qat %gsii g%e gg%%ig Cec\)/gy1 eié%r?_%%reg encoc,jili'it:s.L % glieé:ltlricsatl cgiétggtr %r,ovided iii or oii the
surface of said overlayiiig liitercaiiiiectilig metalizatioil “structure, creatiiig said bottom plate of said

capacitor; depositiiig g,layer of dielectri qyerthe sprfage of said. firsf layer of eoliguctive matggial,

iiicludiiig said opeiiiiig to at

surface of said layer of passivation, including said openings
created in said layer of passivation;

patterning and etching said first layer of conductive
material creating an opening to at least one of said even
numbered points of electrical contact provided in or on the
surface of said overlaying interconnecting metalization
structure, creating said bottom plate of said capacitor;

depositing a layer of dielectric over the surface of said
first layer of conductive material, including said opening to at
least one of said even numbered points of electrical contact;

patterning and etching said layer of dielectric, creating an
opening in said layer of dielectric to at least one of said even
numbered points of electrical contact, partially exposing at
least one of said even numbered points of electrical contact,
creating said layer of dielectric interspersed between said top
plate and said bottom plate;

depositing a second layer of conductive material over the
surface of said layer of dielectric, including at least one

opening created in said layer of dielectric; and
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coiitact, partially exposiiig at least oiie of said eveii iiumbered poiiits of electrical coiiteic&, Dgl:gleatgi Osglid
layer of dielectric iiiterspersed betweeii said top plate aiid said bottom plate; depositiiig a sédoil layer of
coiiductive material over the .surfacgo?f sgidnlayier of diglectric(5 iiglLidiii %t Iegst oi}led ogei.iiii% created iii
said layer of dielect%%; aiid 4819 I\?Iay 2005 pl)a ?er%ianlg and gtczﬁlng Said second ?ayelr1 o%gnductive

material, creagrt\(% saldltopéjrlate of said cap (;étor. 1]I The rggthod. f claim 10%/\85? additional processing

steps perforIPne after ai s?eapt(%fn tﬂesp%Jtterm%E dnd e ghing said afearpo%%%sswétion, comprising:
depositing a polymer insulating, separating layer over the surface of said patterned and etched layer of
passivation, including said openings created in said layer of passivation; and patterning and etching said

polymer insujating, sepgrating;layer. creating gt lgastonggpening dn saidpalymen insyiating.

performed after said step of the patterning and etching said
layer of passivation, comprising:

depositing a polymer insulating, separating layer over the
surface of said patterned and etched layer of passivation,
including said openings created in said layer of passivation;
and

patterning and etching said polymer insulating, separating
layer, creating at least one opening in said polymer insulating,
separating layer that aligns with at least one of said even
numbered points of electrical contact on the surface of said

overlaying interconnecting metalization structure.

12. The method of claim 11 wherein said polymer insulating,
separating layer is of a thickness after curing within the range

of approximately 1.0 to 150 um.

13. The method of claim 11 wherein said polymer insulating,

separating layer is spin-on coated and cured.

14. A method for forming a resistor for high performance
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separating layer that aligns with at least one of said even numbered points of electrical contact on the
surface of said overlaying interconnecting metalization structure. 12. The method of claim 11 wherein
said polymer insulating, separating layer is of a thickness after curing within the rang(foo{wap r%i&r%ately
1.0 to 150 pm. 13. The method of claim 11 wherein said polymer insulating, separating Iay% IS spin-on
coated and cur%d. 14. A g1ethod for forming.a resistor_for hi%h performance ég ],CO Mag ZbOOS integrated
L 1n e%{at% CerUlES on ébe surface Of" g semacon uctor su Ftra e .
circuits on the surface of a semiconductor substrate, ‘comprising: providing a semiconductor substrate, in
or on the surface of which semiconductor devices have been created, having points of electrical contact
. CcO rising,: . . . . .
provided to said semiconductor devices in or on the active surface of said substrate; creating an

overlaying interconnec(ing mefplization, siyjetyre.comarising one or moreayers of fiterconaegts over
the active surface of said substrate, Sal& ayers of Interconnects comprising conductive interconnect lines

or C°”d”C“Voefc‘%mfi‘%trpoé%‘iﬁioéocf?&%%@‘ée W& 1.0 01 Mors, layers, With.points,of glgctigal gontact

having been provide

of electrical contact provided to said semiconductor devices in
or on the active surface of said substrate;

creating an overlaying interconnecting metalization
structure comprising one or more layers of interconnects over
the active surface of said substrate, said layers of
interconnects comprising conductive interconnect lines or
conductive contact points or conductive vias in one or more
layers, with points of electrical contact having been provided
in or on the surface of said overlaying interconnecting
metalization structure, at least one of said points of
electrical contact making contact with at least one of said
conductive interconnect lines or said conductive contact points
or saild conductive vias provided in said one or more layers of
said overlaying interconnecting metalization structure, at least
one of said metal lines or said contact points or said
conductive vias making contact with at least one of said points
of electrical contact provided to said semiconductor devices in
or on the surface of said substrate;

depositing a passivation layer over said overlaying

interconnecting metalization structure;
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in or on the surface of said overlaying interconnecting metalization structure, at least one of said points of
electrical contact making contact with at least one of said conductive interconnect lines or said
conductive contact points or said conductive vias provided in said one or more layers 8f said Qver ying

. . . . . . 1 .M@y 0
interconnecting metalization structure, at least one of said metal lines or said contact points‘or-sai

conductive vias makggtceornrtlal%t wiglhn t Ieggthorrlle of %aig pfint% ofoegectz[ligglic\p&p%%%t roviglgg1 Eg g,aid
semiconductor devices it or orrthe surface of said Substrate; &eposit?ng a passivatidn f%\yer oversaid
overlaying mterconneé:tlni% rré(%tzfl(ﬁzaflon struci%ure' 50 1Oa¥%¥ 2005 peitéergjcr_]gt%%d gtghlsnaqisdald layer of

passivation, %Peeg{ﬁ]régopemngs insaid Yaey]ér% pgésslsalﬁfon, ]ile’asﬁwo of Said openings overlaying and
partially exp%sig% at

254008 Py 9l PalNi> BLeleaie CARIAG posu P eI e oulfpce o
said overlaying interconnecting etafization tructure; gpo& Ing an polymer insulating, geparatlng layer

over the surface of.said pattermed.and etched layenof passivatian, %{?&%@%éa@n‘m&@”%‘ﬁg&d in
said layer of passivation; patterning and etching said polymer insulating, separating
of said overlaying interconnecting metalization structure;
depositing an polymer insulating, separating layer over the
surface of said patterned and etched layer of passivation,
including said openings created in said layer of passivation;
patterning and etching said polymer insulating, separating
layer, creating at least one pair of openings in said polymer
insulating, separating layer that aligns with at least one pair
of openings created in said layer of passivation, partially
exposing at least one pair of points of electrical contact
having been provided in the surface of said overlaying
interconnecting metalization structure;
depositing a layer of conductive material over the surface
of said polymer insulating, separating layer including said
openings created in said polymer insulating, separating layer;
and
patterning and etching said layer of resistive conducting
material, creating a layer of conductive material that

interconnects at least one pair of said openings created in said

layer of passivation, creating said resistor.
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layer, creating at least one pair of openings in said polymer insulating, separating layer that aligns with at
least one pair of openings created in said layer of passivation, partially exposing at least one pair of

points of electrical contact having been provided in the surface of said overlaying int;frconnecté' o}
. } . . . 0 Mq @ 5
metalization structure; depositing a layer of conductive material over the surface of said po yme

insulating, sel%arag%%le}]}/ee{}il%c%u%i?g s idi op Qinvgﬁecr%atgdsgg f’%id poslgrln\gr jcnlsgrllat'gwg, geparating layer;
and patterning and etching said layer of resistive conéuétlng matefial, crea‘%lng a IayeP/oFconductive

material that Enrgercggnects least ope ai'r oft%aeid ogenings freateg ir;< f%iéljtleqayer 8f Egssci\éat'iorb
creating said resistor. 51 10 a%}%o% The method of claim T4 whéreiir said passivatioii layer

comprises a |gyer WYL tie-ralige ol approxypatel 8y o g 0 um glhiagia Rlinaiioad, GV, (R D)
thiii t ' ' '

oxide over which a layer wi e raiige of approximately 0.5 to 2.0 um PECVD iiitride’is deposited. 16.

The method of clajm 14 whereill,53id,palyrpen Usylatiiig. ;sepayatiig layer;,somprises polyimide or the

polymer
deposited.

16. The method of claim 14 wherein said polymer insulating,
separating layer comprises polyimide or the polymer

benzocyclobutene (BCB).

17. The method of claim 14 wherein said polymer insulating,
separating layer is of a thickness after curing within the range

of approximately 1.0 to 150 pum.

18. The method of claim 14 wherein said polymer insulating,

separating layer is spin-on coated and cured.
19. The method of claim 18 wherein said polymer insulating,
separating layer is subjected to multiple processing steps of

spin on coating and curing.

20. A method for mounting a discrete electrical component above

the surface of a semiconductor substrate, comprising:
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beiizocyclobuteiie (BCB). 17. The method of claim 14 whereiii said polymer iiisulatiiig, separatiiig layer is
of a thickiiess after curiiig withiii the raiige of approximately 1.0 to 150 um. 18. The method of claim 14
whereiii said polymer iiisulatiiig, separatiiig layer is spiii-oii coated aiid cured. 19. The r’8ethod %f cg)aém 18
whereiii said polymer iiisulatiiig, separatiiig layer is subjected to multiple processiiig steps of* spiii Oil

coatiiig aiid curiiig. 2(1):. ,g} f&%tgod éorsmouutmr?ﬁal\l g%scretg ﬁly% tg_j%acl ecoml%oiiggt %bovteh the ﬁur%%eeof a

semicoiiductor sub?traﬁe, comﬁrisnig:e'gblffi ay 605 providing a semiconductor su%sﬁat%, in or on the

surface of Whigh sgmigonductor devicecs ha\ga been crehated, havirrllg gointsJC oéel ctrical contact grovided
. .O d\l %C semiconduc ?r evices AVeE beg reat e %av:mg \;)Olln S

to said semiconductor devices’in or on the active surface of said substrate; creating an-overlaying

interconnecting metalizaton, stiuehyg compringiene of mare ayers of Aigreonpecis Quer e getive
su [ inte i

surface of sai strate, said layers of interconnects comprising conductive interconnect lines or

conductive contact ppints QEEgg%ucgie(gfg%séino%nesgrigjog%gggrgtg;uh points of electrical contact having

been provided

creating an overlaying interconnecting metalization
structure comprising one or more layers of interconnects over
the active surface of said substrate, said layers of
interconnects comprising conductive interconnect lines or
conductive contact points or conductive vias in one or more
layers, with points of electrical contact having been provided
in or on the surface of said overlaying interconnecting
metalization structure, at least one of said points of
electrical contact making contact with at least one of said
conductive interconnect lines or said conductive contact points
or said conductive vias provided in said one or more layers of
said overlaying interconnecting metalization structure, at least
one of said metal lines or said contact points or said
conductive vias making contact with at least one of said points
of electrical contact provided to said semiconductor devices in
or on the surface of said substrate;

depositing a passivation layer over said overlaying
interconnecting metalization structure;

patterning and etching said layer of passivation, creating

openings in said layer of passivation, at least two of said
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in or on the surface of said overlaying interconnecting metalization structure, at least one of said points of
electrical contact making contact with at least one of said conductive interconnect lines or said
conductive contact points or said conductive vias provided in said one or more layers 8f said Qver ying
. . o . . . 1 .M@y Q
interconnecting metalization structure, at least one of said metal lines or said contact points‘or-sai
conductive vias making contarlt with at Iegstlone (t)f said points offelectric%l con%act prO\éided t? said

. %glg%nln% .overla ll’lﬁJ ]@ %as onbe 'pz%l_r O SIIDO:LH s of. electrica .
semiconductor devices in or on the surface of said substrate; depositing a passivation layer over said

overlaying interconnectin metagzation structure;.patterning and etching said layer of passivation,
creating opecrﬁﬁég %ts(ia}]lg alyne% 0 %%gsﬁgﬁgﬁog??ealsq tv%l}ol%gf Ssléljfj%g ioqﬁaf %)é% Oafpé()ern?r?d/slg\gerlaying

at least one paiof Rolnts. gt eiestrical. copiadt haxinghesn proyided o fhe sytace of saidoverlaying

interconnecting metalization stracture, providing at least one pair of points of electrical contact in said

layer of pasigiélﬁ\gor&;fd%p&ﬁ{pg an-palymer insulating, sepatating Ig)éqrdow_e%@% siface of said patterned

and etched layer of passivation,

passivation;

depositing an polymer insulating, separating layer over the
surface of said patterned and etched layer of passivation,
including said openings created in said layer of passivation;

patterning and etching said polymer insulating, separating
layer, creating at least one pair of openings in said polymer
insulating, separating layer that aligns with at least one pair
of points of electrical contact provided in said layer of
passivation;

selectively depositing a layer of conductive material over
the surface of at least one pair of points of electrical contact
provided in said layer of passivation, filling said openings
created in said polymer insulating, separating layer, creating
conductive plugs through said polymer insulating, separating
layer, said conductive plugs overlaying at least one pair of
points of electrical contact provided in said layer of
passivation;

selectively creating a layer of solder over the surface of

said conductive plugs;
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including said openings created in said layer of passivation; patterning and etching said polymer
insulating, separating layer, creating at least one pair of openings in said polymer insulating, separating
layer that aligns with at least one pair of points of electrical contact provided in said I%yer of %SO% tion;
. . . . 0 M@ .

selectively depositing a layer of conductive material over the surface of at least one pair of poifits o
electrical contact provid%d in said layer OPf Cg)assivatcion, friglincqcsaid enings crea%ed f’)n said apol mer

. . .posl1tlionin Sal lscrete [S 1Ca C onen adoove ng. 1n
insulating, separatlﬁg fayer, creaﬁng conductive plugs% rougﬁ sai poff/ er insulating, separating layer,

said conductive plugs overlaying at least one pair of. points of electrical contact provided in said layer of
passivation; %\%I%%ﬂ\%glrﬁtcrgéﬁén% as?alycgr %?gglﬁgé%g\e/é th%rseuar%ecg of“daid c%%dﬁgtlf\)/géepﬁuag; 4 10 May

2005 positaifig,said discrels elecirical compoieiiaboye gl i algipituith saic selediively created
layer of solder such that electrical coiitact po‘ﬁits of Said discrete electrical compoilieiit aligii with said

SekmﬁvayC%%ﬁ%%ggﬁ£o£§9@§nw§@% said selectively created layer of solder;

and

flowing said selectively created layer of solder, creating
solder balls connecting said discrete electrical component with
said conductive plugs in said polymer insulating, separating
layer, thereby connecting said discrete electrical component
with a pair of points of electrical contact in said layer of

passivation.

21. The method of claim 20 wherein said polymer insulating,
separating layer comprises a polyimide or the polymer

benzocyclobutene (BCB).

22. The method of claim 20 wherein said polymer insulating,
separating layer is of a thickness after curing within the range

of approximately 1.0 to 150 um.
23. The method of claim 20 wherein said polymer insulating,

separating layer is subjected to multiple processing steps of

spin on coating and curing.
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flowiiig said selectively created layer of solder, creatiiig solder balls coiiiiectiiig said discrete electrical

compoiieiit with said coiiductive plugs iii said polymer iiisulatiiig, separatiiig layer, thereby coiiiiectiiig said

discrete electrical compoileilt with a pair of poiiits of electrical coiitact iii said layer of Pgssivati i géL The
. e ; . .8451% %hO

method of claim 20 whereiii said polymer iiisulatiiig, separatiiig layer comprises a polyimide or the

polymer beiizpcyclobuteiie (BCB). 22. The hod of claim 20 whereiii said polymer iiisulatiiig,
separatiiig Ia%gr' ig ofa %elc%léi%gs% teF(l:SrJﬁIl%mv%hiW e ?é‘u%es %fg};prlo%(?rﬁggae y %@et%tl C&I‘%. 23. The
method of clgi(gpn Zgn%gletregi sasi% [Bglé/?e(%ii' ruéatiii , sefaratgign!a%elr i§ subjdectedstlo r@ggipl% processiiig
steps of spiil ou%oatmg aildscurmg. 1 ayr%O 5754 Fhe method of claim 20 whereiil said discrete

electrical corggﬁgeciiltti%%[gg@dafﬁorgn %ré)ygrcpmprisiiig a resistor, a capacitor aiid aii |||d_uct(_)r.__25. The
method of claim 1 whereiii said iliductor is created overlyiiig the surface of a layer of passivatioii whereby
iio layer of polymer is applied.

25. The method of claim 1 wherein said inductor is created
overlying the surface of a layer of passivation whereby no layer

of polymer is applied.

26. The method of claim 1 wherein said inductor is a solenoid
structure overlying a layer of polymer, said layer of polymer

overlying a layer of passivation.
27. The method of claim 1 wherein said inductor is a solenoid
structure overlying a layer of passivation whereby no layer of

polymer is applied.

28. The method of claim 11 wherein said polymer insulating,

separating layer is laminated dry film.

29. The method of claim 14 wherein said polymer insulating,

separating layer is laminated dry film.
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26. The method of claim 1 whereiii said iiiductor is a soleiioid structure overlyiiig a layer of polymer, said
layer of polymer overlyiiig a layer of passivatioii. 27. The method of claim 1 whereiii said iiiductor is a
soleiioid structure overlyiiig a layer of passivatioii whereby iio layer of polymer is app#i d, 28. kaeo5
method of claim 11 whereiii said polymer iiisulatiiig, separatiiig layer is lamiiiated dry film. 29. T?he method

of claim 14 wherejji said mer iijsulatiii aratiiig layer is lamiiiated dry. film, 56 10 May 2005 30.
The method of tma0 R arae: Sh S o e ny Scit Ui Hacnrbss Bk achdei

priiitiiig, aiid ball mouiltilg..31. The.method.of claim 20 whereiii said polymer jiisulatiii eparatiiig layer
2 lamiiated oy I 2. T ettt o e T b e SUon o G oF madre. g eraiBf cortustve
material oveIr(llgiii% ts%d passivatioii layer over a thickiiess of betweeii about 1,000 aiid 50,000 Poigstrom
aiid over a surface area that is about the surface area over which said iiiductor overlays said polymer

liisulatiiig, separatiiig layer, iiiterspersiiig said oiie or more layers of coiiductive

31. The method of claim 20 wherein said polymer insulating,

separating layer is laminated dry film.

32. The method of claim 1 with the addition of one or more
layers of conductive material overlying said passivation layer
over a thickness of between about 1,000 and 50,000 Angstrom and
over a surface area that is about the surface area over which
said inductor overlays said polymer insulating, separating
layer, interspersing said one or more layers of conductive
material between the surface of said passivation layer and the

thereover deposited polymer insulating, separating layer.

33. The method of claim 1 wherein said inductor is a toroidal
design and is created on the surface of said polymer insulating,

separating layer.
34. The method of claim 1 wherein said inductor is a toroidal

coil structure overlying a layer of polymer, said layer of

polymer overlying a layer of passivation.
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material betweeii the surface of said passivatioii layer aild the thereover deposited polymer iiisulatiiig,
separatiiig layer. 33. The method of claim 1 whereiii said iiiductor is a toroidal desigii aiid is created oii the
surface of said polymer iiisulatiiig, separatiiig layer. 34. The method of claim 1 Wheregi said iiid%bog is a

) ; v . ... 0 M ...
toroidal coil structure overlyiiig a layer of polymer, said layer of polymer overlyiiig a layer oaf%)asswatlon.
57 10 May 2005 35..The methodof claim § whereli said iiductor js a toraidal, coiloyerlyiig a fayer of
passivatioii whereby ||orﬁlayer of polymer 1s applle(fg%

coil overlying a layer of passivation whereby no layer of polymer

is applied.
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