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INVENTION (1) Field of the ipxgg' .J{&\]inig%&m%elates 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

reduging the glectromagnetic losses thatare, ypigally incirted indhe spiface ) pe

of the substrate. (2) Description of the Prior Art. The continued emphasis in

0 4he semicanduetor {aehnpleqy iSs 10 GTeaiR HMPLOYedPEriormanes « i nuation-in-

semiconduct(_)r devices at c_or_npet_itiveT prices. This emphasis over the years
pd1as resuliedin.h extreme, misuturzatiof:of semicarduciordeviogs, made ynich 15
possible by continued advances of semiconductor processes and materials
a li-eembination with; new and sophigticated deviee designs1Mosb, filing date

12/21/1998, assigned to common assignee.
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

competitive prices. This emphasis over the years has resulted in



of the semiconductor devices that are at this time being created 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
f%r the pro.cessing of on{y. analog data..One 8ft e maj:r[)r challenges 'H the .

extreme HPnl?t rization o %em Ccon &c or devices,”ma 3'%0381ble
creation of analog processing circuitry (lusmg igital” processing’procedures

o gnd-equipment) J5,that aumper.of the  compenents (at areused for analog )

ircuitry are Targe lil Size and are therefore not readily integrated into devices

1 dhat fypigally ir}?}%’e‘ﬁ%‘ﬁ"ﬁéi%e%é alg 9%%'1 &%%%P'Hg%rfé‘eraﬁggigﬁg. Most

main components that offer a c enge lii this respect are capacitors

oE”%‘?éo@erﬁi{‘%ﬁ’&’&%Hbﬂ?%é%%%’fée”léﬁQJEe’af% typicalanalag PIoGessing created

circuits, of considerable size. A typical application for inductors of the

advention s i the feldofmadernymobile gammunigation applicafigns,that , ; 5

make use of compact, high-frequéncy equipment. Contiiiued improvements

nﬁ%gl%ﬁ%rf%réﬂﬁr@@n%?é%@”%%%%%@ist%%LEp%‘f?@t hasover the yearsReen i ng

achieved, further improvements will place continued emphasis on lowering
athe PWer cersyRtian, phthe-2 eguipment.on E%gﬂcm%%i% oftheess

equipment, on increasing the operational frequency of the applications and
dONGeANGd 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 improvements will place

continued emphasis on lowering the power consumption of the



low noise levels. One of the main applications of semiconductor devices in
the field of mobile 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
g8, Sapaitive, compenents. Tined cirguits form, dependenton and, 4 ... o5,
Yetérmined byr%he vallies'of their inductive an capa itVE components, an J
ciTpedance thatis freduency dependeny, enabling the funed cirguit o gither. ,
preséont a hlgﬁ oralow fﬁnpeda ce for S|gna%)o a certalnsfrequency. The

15%“%%95%“5%%@?@#%@ %‘Pe&ﬁ%iefﬁ%%rnp Sgp"’lrldc%‘{tﬁgﬁ?”H’%if%emiconductor

components of an analog signal, based on the frequency of that component.

adveduned gircyit can in this manner be usseasa Jler 1o, filler qytorremove,, ¢

signals of certain frequencies or to remove noise from a circuit configuration

Ré'&ﬂtcjsﬂ@%ﬁéﬁB§°C&§§5”9aﬂi§§'99i%%@'SRF“%MP@@PQ canalsQbes number

used to form a high electrical impedance by using the LC resonance of the

o £Ircyit and 10 theseby counteract the eifectspiRarasitic gapaciigpees thag are

part of a circuit. One of the problems that is encountered when creating an

arpductaron the surfage-ef asemicendygier substrate is thahthe i ve and
self-resonance that is caused by the parasitic capacitance between the
ciﬁ@gﬂkgve 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 surface of

a semiconductor substrate is that the self-resonance that is

caused by the parasitic capacitance between the (spiral)



inductor and the underlying substrate will limit the use of the inductor at high
frequencies. As part of the 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

;1L generated by the jndyctor induces eddy currents inthe undering, ¢
silicon substrate. Since the silicon’substrate Isa resistive conductor, the

1 S cyrents wil sonsume, electiomagnetic.energy resulting i sgnifieant, oy
energy loss, resuiting In ow ((‘;) CapaCItOr.thIS is the main reason for a ﬁOW

1A, Of ¢ Caipsacgﬁeé#&*}%@gyé@eﬁ QEE‘H{SQ“%%CVr%fd&/c"(L%éinﬁtf?p“&‘éitive

upper boundary of t equency. In addition, the eddy currents that are

c j%%tliclerngw@wiggﬂcteﬁévi'%sgg@ with the perfarmanse. of cireuitry that is

In close " physical proximity to the capacitor. It has already been pointed out
sihatione of the key 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 typically
encountered in semiconductor devices and the therefrom following intense

use(gﬁh%§§Hﬁﬁ¥§éﬁﬁ%@§é§?aﬂﬂg‘%lectromagnetic 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 is the inductor that forms part of an LC
resonance circuit. In view of the high device density that is
typically encountered in semiconductor devices and the therefrom

following intense use of the substrate surface area, the



creation of the inductor must incorporate the minimization of the surface area
that is required for the inductor, while at the same time maintaining 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
Egat is Ig:llr%ll I)é\gtg the C? fthe sgrface of the stuebsgﬁ%e. Conventional

lane o
methods that are uséed S%I]Fé’éie%é indUGr B The Surface of & suibétrae " ©F

suffer several limitations.,Most high Q inductors form part of a hybrid device

G0 G o o e M ot e B L Qe sy oy e 2t the
creat jscrete nents, eati f ich js nat readily.

-{iEpiedge daasisconiansns, i ealenor e el

Tisar that, by comhining .the creation on pne; semicandyctor mopolithic, =
subs_trate pf circuitry that is aimed at thg functions qf analog Qa}ta

suBanipylation and analog datastorage with the fungtions, of digita) data reateq in
manipulation and digital data storage, a number of significant advantages

a G@nhe-achigved Suchadvantagesdinclude ifieredugtion oE manufacluring: the

costs and the reduction of power consumption by the combined functions.

suhespiral formyafiher indugtorthatjs greatgd onthe swufageQf create the
semiconductor substrate however results, due to the physical size of the

1 iRELGtery i parasiticcapacitancas hetweendthg dRAuGterwiFingevera1
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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
inductor, in parasitic capacitances between the inductor wiring

and the underlying substrate and causes electromagnetic energy



and the underlying substrate and causes electromagnetic energy 5 losses in
the underlying resistive silicon substrate. These parasitic capacitances have
a serious negative effect on the functionality of the created LC circuit by
sharply reducing the frequency of resonance of the tuned circuit of the

application. , More seriously, the indu.ct%r.-g]enerafled electrork‘ga nei;icc fielg will
losses ﬁ? the uq er 1nﬁ rF31s i %.31 1con substrate. .These
induce eddy currents in underlying resistive silicon substrate, causing a

s%nificgnt ener Io§s that re%ults in_low 9 inductors, Tth.e V%erf(%rgwantce th
P harameter of an inductor is typically Indicated is the Ouality (Q) factor of the

f&élldc‘%clt%:ngf?t aliy {%%OEQS%‘ftat{dmﬂHC@{ Esc%fi”%%ﬁ%ﬁ?a} 3 "r‘gﬁ%@ll?ég the

s is the energy that is stored in the reactive portion e component wh

f%ﬁ@%‘?ﬁ%@%@%ﬁé‘?&@ e f@r"f‘&“‘é%d%%“%riPEHE%Q%?F)%%”%%?;ication.

er thé quality of the component, the closer the resistive value of

MEPMRANENE, approaghes zerg while the Q factor.of theLomponeiteric rield

approaches infinity. For inductors that are created overlying a silicon

w SHbstate, the elegiromagpetic energy-that iscreatedihythes inductorwill s 15 con

primarily be lost in the resistive silicon of the underlying substrate and in the

sipetallines thaf are greatedsta, form the,indugiorgthe guality fagtorfofy1ts in low
components differs

Q 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 is
the energy that is stored in the reactive portion of the
component while E1 is the energy that is lost in the reactive
portion of the component. The higher the quality of the
component, the closer the resistive value of the component
approaches zero while the Q factor of the 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
from the quality that is associated with filters or resonators.

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



from the quality that is associated with filters or resonators. For components,
the quality factor serves as a measure of the 6 purity of the reactance (or the
susceptance) of the component, which can be degraded due to the resistive
silicon substrate, the resistance of the metal lines and dielectric losses. In an

actutal co?fi%llration, there are aglways,some gh sical resi tor% tjgﬁlt will
pL‘ljrl O e t]ﬁeacb aace o.xr He S U C%lﬁ) ancei ©) (S ©) onent,
issipate ‘power, thereby decreasing the power that can™ be recovered. The

w}%gﬂ.tycfg‘gt%eQ ! edlqrna?eges lon| uSeS' éoQt\ﬁaeluerﬁog gé%alt\eféthsafl]i%%lri substrate,
considered very high for discrete inductors that are mounted on the surface

t}?éepgé‘ég]dsgg%ié_% "R Falipdyctprs that form pad of ap integrated curcuity,

value is typically in the range between about 3 and 10. In creating an

a%%ﬁ§§0%®%@fE%Q@@E@ﬁwb§H8¥%°%%@WﬁiﬁQQEmgékﬁe@ﬁ§@989?rresistors

evices are created, the parasitic capacitances that occur as part of this

rigreation limif thesupper. bound of the, cytzeff fraguencythatcan beachievedh o« can

for the inductor using conventional silicon processes. This limitation is, for

pdnay-apRlicationsot aeceptaple: Rependent on dhe Jrequency &t whichhthe, 16

LC circuit is designed to resonate, significantly larger values of quality factor,

o pughasder instance 5B or Mmergy, Must beavailable, Prigr Adhasiindhis: o
been limited to creating values of higher quality factors as

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
surrounding device functions. This negates the advantages that

can be obtained when using the monolithic construction of



separate units, and in integrating these separate units with the surrounding
device functions. This negates the advantages that can be obtained when
using the monolithic construction of 7 creating both the inductor and the
surrounding devices on one and the same semiconductor substrate. The

Jgrmonolihic, approach also hes the disadvantage at.addional ingls
requireato in erconnec]t he su -components of the assembty, ereby again

aifjroucing aditional parasite capaciiances.and fesistive Josses ouer the
Interconnecting wiring network. For many of the applications of a I]:

ap%?}@'ﬁié‘ﬁ st asportable %E%&&%M“teé%% a@HE@@’é‘éiQﬁ‘é!%ﬁ?%ﬁ%‘l%onis

IS at a premium and must therefore be as’low as possible. By raising the

r POVELCONSHMPLIQN, %%lﬁg%gsﬁga%%tl%%%%@ﬂ%%s AR LESISUNE 1y,

power loss can be partially compensated, but there are limitations to even

RIS approach: These problems taka en.aven, gr%aq%g&g@f&yaﬂga@m@@es and

expansion of wireless applications, such as portable telephones and the like.

rJireless ccorpmupication is afapidly expanding magket, WherRthe twork . ror

integration of RF integrated circuits is one of the most important challenges.
m%}ff 8@%%&%@@&5@%@ Ssignificantly ringreaserthe frequengy 9f operation: e
o fo

r instance the range of 10 to 100 GHz. For such high frequencies, the
p¥alue of thewered 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

than silicon as the base for the creation of the inductors. Such

monolithic inductors have for instance been created using



quality factor obtained from silicon-based inductors is significantly degraded.
For applications in this frequency range, monolithic inductors have been
researched using other than silicon as the base for the creation of the
inductors. Such monolithic inductors have for instance been created using 8

sa Rhire or GztA as a base, These 'ﬂguctors have considﬁ:rably lower
sa %re oY GaAs ﬂﬁ a Qase. Fse %n uctaés ave q$n81derably
strate losses than their silicon counterparts (no eddy current, hence no

1é%%sr"fs‘?}%%{%rlﬁ‘%‘%”‘i%cs%q%esrg&gﬁd fherefore ; provige @%ﬁﬁ@&%ﬁf%s (no eddy
Inductors. Furthermore, they have lower parasitic capacitance and t erefore

ch’%%‘éiﬁ% ,hi%[‘eef}‘léree%gn% s%"%?“%fl %%R%@%éi%ﬁé’m‘%’ee@é’%%‘@g i@g& therefore

complex applications are required, the nee exists to create inauctors

péééiﬁl%é”%ﬁ%ﬁshﬁé&{%%r%ei o ibose applications, {18, approach, of, Using 8yq

ase material othef than silicon has proven to be too cumbersome while for

pansiance Gassas.amedidmfor the creatign of Semicondycigr deviees 5.2, ..y

yet a technical challenge that needs to be addressed. It is known that GaAs

oﬁ%@é@f@h”@gfg@gﬂﬁ%@ggtaWNQQQQH§§QQ§§’%E¥QWEUH§leX applications
electromagnetic losses that are incurred in the surface of the GaAs

a Skibstrate; thereby increasing the @ value of the induetog rereated on thes ysing
GaAs surface. GaAs RF chips however are expensive, a process that can
s Avoidhtheise-0faaAs Rt eNiPSor 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
these approaches has been to selectively remove (by etching) the

silicon underneath the inductor (using methods of micro



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 these approaches has been to selectively remove (by etching) the

sﬂg:on .undern%%ggh%mducrtnor usmgsr{}%tsrjlgggtoef mICt‘SO.QSEnaChInII;]#)f g losses

m?ﬁerle%yl/r}g%bvmg Substrate resistive energy fosses “and parasttic effects.

arf‘d‘o}ff%%%ra@ﬂhf’c‘? ascaesnto yse multiple Jayers ‘H%@e a'%ésr%‘ ch as aluminym) o, o
interconnects or of copper damascene interconnects. Other approacnes

1Jave used %Q?Qﬂ%@ ity silicon 3pbstrate tPS'&eé%ryc@QHQ JESIRUNE opper

sses in the silicon substrate. Resistive substrate losses in the surface of

qdhe ynderlying 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

inductivecompgnentthatsimulates the elecirical propertes of &g indyqtop,

as it is applied in active circuitry. This latter approach however results in high
s\power copsumptian by thesimulated indyctor-and, nnaise pergrmanae that

is unacceptable
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
losses due to the electromagnetic induced eddy currents in the

silicon substrate.
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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
losses, due q%eflectroma%%eygfngu%ed ed@é ur&nts in the silicon

hen ENSio ra L. ts are, gcaled down
substrate. 10 When'the dinensions opln?ggrate Cifcuits are scaled 8own, Wi

t}ghe cost per die(ifa decreaaed while sgmehaipects of performance are
e COST ;i_%r l1e 1S e(ireas% whille sowe as e(i 5 8 &)erformance
improved. The metal connections which connect the Integrate ircuit to

arﬁéh %rm%&%‘i}eoé Syﬁ]heé“ 4 @QPT‘SBE%%%QQ%&% of (glative morgImpoptance and, o+ o g

ave, with the further miniaturization of the IC, an increasingly negative

c{PRAston gireit perfarmance, e pasiie canaciance and Lesigtance of o1 4+ 5 ve

the metal interconnections increase, which degrades the chip performance

mSi@nificantly Of most cangerndn this respect is-heyoltage, drop-alongthe o ¢

power and ground buses and the RC delay of the critical signal paths.

 iterapts 1 reducethe resistancean using wider mejal lingssesult i bighenan ce .
capacitance of these wires. Current techniques for building an inductor on

Tiibe surfaceof @ sempiconductor subsirate usedine-linetechpigugst a1

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
in turn results in reducing the Q value of the inductor. By
increasing the distance between the inductor and the

semiconductor surface, the electromagnetic field in the silicon
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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

Sgb%tral;ce whictf inbturn re ultsén reducing the Q value of the in uctor. By, .
substrate .will be rg uce hn.ﬁié%rse gﬁﬁfortlon o) e ‘distance,
increasing the distance between the inductor an semiconductor surface,

the electromaagnetic.field. in the silicon 11 substrate will be reduced in reverse
it Iromagnetic lield, in g requced |
perop()Sor}/]gnlfg the dls.taencler,1 tHgté>5alﬁ%nof fe Inductor can'be %creaesreed}.é%]i/e

&Q%@Rrﬁo greating the, %qg%%%/d% é?%‘g th dayer Pﬁé P_a%%‘éﬁgg’ﬂ 2i r?lSt (by a

passivation process) and by, in a creating the inductor on the surface

poi t?%é"i%%&%ﬂ@'ﬁ%&éé%“ 3R A polyme) that Is deposited.oraghered .

over the surface of a "layer of passivation, the Q value of the inductor can be

idngreased. 4 addition, py using wide and thick metal forethg; crealiop of e yon a5

inductor, the parasitic resistance is reduced. Thé process of the invention

a 3pplies theseqincinles QL pasth; passivationsinducter greationwhile,the; ce o a

inductor is created on a thick layer of dielectric using thick and wide metals.

1 148 5,202,403(Nakanishi) shows amethod of ferming wiring: connestionse

both inside and outside (in a wiring substrate over
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 a].) shows a structure with an
insulating layer between the integrated circuit (IC) and the
wiring substrate. A distribution lead connects the bonding pads

of the IC to the bonding pads of the substrate.

US 5,055,907 (Jacobs) discloses an extended integration
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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 wiring substrate. A distribution
lead connects the bonding pads of the IC to the bonding pads of the

sesrlr'llggg%g%hg‘%soé’ogg %Oc71%‘éq:%0bﬁ)1g£scgolsf$wa%n ?n)gg?g%%{:n&%%@gogol 21ntegrate
semiconductor structure that allows manufacturers to In egrate circuitry

o Peygnd the BQ%’O%‘)A‘“t aues by

Joming atin. i mulliayer wiling decal on,
tﬁe suppgrt substrate and overthe (l:JhIp OWGVGI’YthIS re ere%ce Irrers mrom

mif¢ invention. US 5,106, ééa(\folcﬁaor{ﬁga'gggssﬁef %%%H?&eé and over the

Interconnect structure of alternating polyimide (dielectric) and metal layers

Vg ap lGdna TABstiuciure US 2,633 /6 £ (Wenzel gt al ) teaghesa, o,
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 1/0 traces. US 6,008,102 (Alford et al.)

showsa Belppipdugtor ysings e matallayers.connected by vias; US, e 1
5,372,967 (Sundaram et al.) discloses a helix inductor. US 5 '576,680 (Liiig)

iﬁ%@ﬂéé@ﬁ%@%gggf@%%ﬁ%@ud¥E%i@BQWating 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.

Us 5 '576,680 (Ling) and US 5,884,990 (Burghartz et al.) show

other helix inductor designs.
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other helix inductor designs. 13 SUMMARY OF THE INVENTION 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 g%ﬁ&?a%s §pipT\H' h ﬁﬁ%\?ﬁ%ﬁp as a base on
ated. Yet ano

which a high-Q inductor is™ cre hér 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,pasgive 21eCicaLEOMBRNENS QYEMIVRONE SUHBER Ol 850N morove the

subsfrate. The a nced continuation-in-part application a a

RIPOSL B%%Sé}ﬁ%ti?@eprﬁ?feﬁsﬂ@ﬂ spayence, s thicklayer,of, diclectric. over a layer

of passivation and layers of wide and thick metal lines on top of the thick
layer of dielectric. The 14 present invention extends the above referenced
continuation-in- part application by in addition creating high quality electrical

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.

The above referenced continuation-in-part application adds,
in a post passivation processing sequence, a thick layer of
dielectric over a layer of passivation and layers of wide and

thick metal lines on top of the thick layer of dielectric. The

14



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 DE,CSC§IPTION QbF THE DI?AWING% Fig. ],Cshow a .
present Jtnver} ﬁOD extends,. the above frﬁ er}gnce ntinuation—in-

Cross section of the interconnection scheme “of the reterence

coQtinuat'io.n-in-part agﬁlication C'lgv%ntion. Fig. %show 8, ¢ross s?cticon oflan .

t Oon ", . : t 1

Pextension of the referefced cgntmlua:'tl%rrll-lﬁ;pa?t alﬁ1 ication w%%arleﬁy gl crecrrree

ci%%%%%'}{@,s been CrS%_tegnorhWﬁ]usc“{%? of bé%'%%%:’foq:ohémﬂg%% t%’g%? on a

WS a top view of an Inductor that Is create lowing the process o

149vention. Fig. 4,shows 3 cfass secfinn of a,substrate-and pyerlying lgyers, ¢

an inductor has been created on the surface of a thick layer of polyimide, a

afyeL of ferromagneticimateyial hasbeen, 1a added to,further ipguiale e, ovi ges a

inductor from the underlying silicon substrate. Fig. 5a shows a cross section

nf BRimplified yersiomef thessubsirate andthe layers that e cregled o0dhe at a
surface of the substrate using the processes of the referenced

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.

Fig. 4 shows a cross section of a substrate and overlying
layers, an inductor has been created on the surface of a thick

layer of polyimide, a layer of ferromagnetic material has been

15



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
a(ﬁ sslvat%on i 6b ShO\&/S a three dlmeéw anal VFW of %rﬂénduc | tTat
een create on the sur?ace a Iayer 0 passwa]ﬁlon by creating vias i

thlck la

i %er of olyémer Fig. 6¢ shows a three-dimensional view of an
ductor ¢

at has been created in a thick layer of polymer that has been

deposned on the surface of a thick layer of polyimide. 16 Fig. 6d shows a top

Fig. Qe%h

6e-6e'

ows, agrass sectiofl of the stucture gEFIQ. Gd fakey Pé‘%l'gvtg?é'i%n of

Fig. 6d. Fig. 6f shows a three dimeiisioiial view of aii iiiductor that

cifashgelgreated giithesuriace of a layerof passivatioiLdhe Hfidugtor Qﬁ%ﬁ?ﬁce of

shape of a soleiioid. Fig. 6g shows a top view of the iiiductor of Fig. 6f. F

cishows s eross seqlqihof @ substiajeiidbe syrfacg ofwhichdiasheeil

deposited a layer of passivatioil over which a

continuation-in-part application.

Fig.

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

been added above the layer of passivation.

Fig.

of which

has been

Fig.

has been

creating

Fig.

has been

ba shows a cross section of a substrate on the surface
has been deposited a layer of passivation, a capacitor

created on the surface of the layer of passivation.

6b shows a three dimensional view of an inductor that
created on the surface of a layer of passivation by

vias in a thick layer of polymer.

6c shows a three-dimensional view of an inductor that

created in a thick layer of polymer that has been

deposited on the surface of a thick layer of polyimide.

16



thick layer of polyimide has beeii deposited, a capacitor has beeii created oii
the surface of the thick 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 has beeii created oii the surface of the layer of passivatioii. Fig. 9
showEs a croé?a sggﬂou ofa a gubstrate o]]] tge

deposftgd a
beelg derposit d,

uc

e of nggh has

WS V1ew gHﬁaﬁ n qgg“‘u face of
ayer ot passivaﬁgii gvér whicha 17 ﬁ?é?ﬁayer ot po?ylmicfe fas
%resi%tor h%s been cregte&l on the surface of the thick layer

r as een Ccreated.,

W%Jf%oly?midler.] ig. 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
companent js.of 3, significant, yalue, athick layer ofipolvimide hag been used. ¢4
Fig. 11 shows a cross section of a silicon substrate on the surface of whicha

+ discrete,electricgl.compenent has.beep 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
contipyationsin-payt gpplicationdeaches-an ilptegrated Gircydt structure where that
re-distribution and

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

inductor

Fig.

Fig.

of which

has the shape of a solenoid.

6g shows a top view of the i

7 shows a cross section of a

has been deposited a layer of

nductor of Fig. 6f.

substrate on the surface

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.

of which

has been

Fig.

of which

8 shows a cross section of a
has been deposited a layer of

created on the surface of the

9 shows a cross section of a

has been deposited a layer of

17

substrate on the surface
passivation, a resistor

layer of passivation.

substrate on the surface

passivation over which a



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 interconnection metal layers, a thick layer of polymer
is deposited over the surface of the layer of passivation. Under 18 the

STy ipvention. s iof usiy electical componert s, reted o oo e

o

polymer.

o

the creation of . an inductor whereby th
S e

a
e Invention addre'sses, among otners,

e gmphasis fs on greating an jnguctor

uctor substrate Us ng 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 fgr thequse af this indugtor in, ligh frpauency applicalionsWhile \ace on the

incurring minimum loss of power. The invention further addresses the

sereation ofa gapafitar andia resistor po the suriace ghasilicop substrgle. ,

whereby the main objective (of the process of creating a capacitor and

méﬁﬁ%@cﬁ),iségﬁ%g%%e B%@?gicgff@a@@dtm%éﬂ@c%@ glgj@é’?ce between the

components in the underlying silicon substrate. Referring now more
sepseifically 1o L ethere is.shown a-erpss segtion of gre implementation, of

the referenced

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
the surface of a conventional
deposited over the dielectric
interconnection metal layers,

deposited over the surface of

created in layers of dielectric on
IC. A layer of passivation is

of the re-distribution and

a thick layer of polymer is

the layer of passivation. Under

18



application. The surface of silicon substrate 10 has been provided with

transistors and other devices (not shown in Fig. 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 been provided in the surface of the
uubstrate 19 and over e substiate, 10 conductive interconnect ings LLare ;.

proﬁaeé inside féyerié?ﬁét Sonnett tothe se icon&ug’tor devices that have

been provided.in the surface of strate 10. Layers 14 (twg examples are
RO robte Sk LGt mitl Toyor s e Gioe et i

typically created oil 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

like, gendugfive interconnggt lines.13 maks, yp 5@%8?@‘{‘;”&% e@?&%‘@%on of an

connections that are created throughout layérs 14. Overlying and on the

iroyface of javers 14 aepaipts.La.etelectrical contact These poiis d60f ¢ nign

electrical contact can for instance be bond pads that establish the electrical

o Itgrcpnnegtstodhe trapsistorsand atbgr deyigesthat hayebeen provided;in

the surface of the substrate 10. These points of contact 16 are points of
mdMgrcennecywithin. the, G arrangemeptthat need te e furtheneonnected,to e

surrounding circuitry. A passivation layer 18, formed of for
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.
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 been provided in the surface of the substrate
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example silicon nitride, is deposited over the surface of layers 14 to protect
underlying layers from moisture, contamination, etc. The key steps of the
above referenced application begin with the deposition of a thick layer 20 of
polyimide that is 20 deposited over the surface of layer 18. Access must be
rovided to. points, of electrical contact 16, for this reason a pattern of.

s 23St 58 1 Brchid thi e POV OB 6 s 11 e
Passi ation layer. 181the pattern erz opeings 22,.36 ancli 38 aligns with.the

P D2kbr of GIAcirisal SortaGt poinis 16, CORIACt poins 16 are. by méans o e

o QPRI 2RISEIS8 hat e, Creqted i the ayer 20 of pebyimide, plecticalya e 1.
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

kno"‘ﬁﬂa%xfé‘eﬁ%(Séga@y%xéﬁﬂ?i%@?%tﬁg nalvimide is. hepreferred magerih, o

to be used for the processes of the invention for the thick layer 20 of
ndomen, Fxamples;ofy polyrmers that can.be usgd arg siicens,cahaRs,created on
fluoride, chlorides, oxygens, parylene or teflon, polycarbonate (PC),

t polysterene (FS)1RRI¥exIde (RGPoly polooxide(PPO)khat are shown in

Fig. 1 may therefore contain multiple layers of dielectric or
insulation and the like, 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.

The key steps of the above referenced application begin

with the deposition of a thick layer 20 of polyimide that is
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beiizocyclobutene (BCB). Electrical contact with the contact points 16 can
now be established by filing the opeings 22/36/38 with a conductive

material. The top surfaces 24 of these metal conductors that are contained iii
opeings 22/36/38 can now be used for connection of 21 the IC to its

nvwonm{iﬂlgé and fo furtshuel[ %gtg raotlpnllgto thelg_grr undlgg eIInectrlcaIl)Ie provided

e
deposite Ve e eyt ce S
cﬁ)rcuffry. Iaﬁer Statement IS the samé/as saying ﬁat semlconauctor

devices,that i}avelbe%n E)rov'ided in.the suifgce Pf substrate 10 can, via the
t £ X sl tt f
Tohductive ?mereco%%eétscc?oméﬁﬁré&?ﬁopen.hgs%5/3§}§§, be further- o St ©

ogg%%%%g%t:?dé%S“Ergugg@ga%’rﬁgo%e{gﬁéﬁdt reyite h'”&ﬁ[ecoﬁ'gfgﬁﬂ?g% 2Bayer 20

are formed on top of surfaces 24 of the metal interconnects

af9Naineq nonenings, £2, 36 apd 38, These pads 26, apd 28 canbe of gy 34 ang

design in"'width and thickness to accommodate specific circuit design

sdequirements; Apad,can, for. insfange, be.used;as a fl%%ﬁ@&’cpcad% rc%ﬁ%% Pags

can be used for power distribution or as a ground or signal bus.

cdelioving 6p%%ﬂ?§ti%3 £aa, fop ipstange, beimade © the,padsshown gy kY. chat

1: pad 26 can serve as a flip chip pad, pad 28 can serve as a flip chip pad or

afandbe-connecied (a,elegiical powerer 1o, elegirical graund-erioan eleciicabngeq

signal bus. There is no relation between the size of the pads shown in Fig. 1
t@ngdbesyurface 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 is
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
material. The top surfaces 24 of these metal conductors that are

contained in openings 22/36/38 can now be used for connection of
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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. The
following comments relate to the size and the number of the contact points

ig. 1. Because these cont%ct poA%ts f%% 1? are.located on tog of a thin

16,
t}aelelgctritéc(laﬁ/té?’s fE,VI—l@%)m?ﬁe bag size canriot 31}85 Ia:terglzees?Irlrcetal ?a{lrgénto the

ad size brings with it a large capacitance. In,addition, a large pad size will
3 1 I neogition. ajarde PG AZE W s «n
~lintertere with the ?Sutﬁ]bcéapa%hﬁ%%%ﬁ% layer of metal. 1t is theretore =~

53} %feyseds@é}% _“Eﬁe?' eﬁ%fréﬁ?‘é&ﬁ]&‘ujcac@ﬂat&’eex% Small. The zé%’)g‘f pad 16

owever irectly related with the aspect ratio of vias 2 38. An

pASPEALIANO,0f AboUL 3 15 Acceptable for the consigeration of via etehing.and .+ 5 ve

via filling. Based on these considerations, the size of the contact pad 16 can

1D the ordarof 0.5 um 1030 um, the exactsize beings depgadent onthe

thickness of layers 18 and 20. The referenced application does not impose a

cdmiaen on: the;number, of centackpads.tal can bedncluded i, therdesignonnect

this number is dependent on package design requirements. Layer 18 in Fig.
padea ke atypical IC-passivation layer. Jhedpost frequently usedpassivation 1

layer in the present
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.
1l: 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.

The following comments relate to the size and the number

of the contact points 16, Fig. 1. Because these contact points
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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 followed by a layer of approximately 0.7 um
nitride. Passivation layer 18 is very important because it protects the device

afer from_moisture and foreign ion, contamination. The positioning O?Lth' 23
L e beliSEn b S0b.niEron prRCBLS [of 1S Htaratia Cyadig and e 128 1

tﬁens-mo'ﬁcron Jrocess g)f the intercoTnectingsmetalizati(in structure) is. of .
e.gﬁ Slze cannot .be Too ara$ ince a aﬁge ga S%Fe brings
critical Importance since it allows for a cheaper process that possibly has less

WJ,SE%“QPE“§'%§J88”E%§9%i5%88§.fOEH‘ea%@fgﬁ%StC%eaiig?yﬁngrp&d size will

interconnecting ‘metalization structure. Layer 20 is a thick po lelectric

1 Jayer Ao example (polyimide);that have g {hicknessdin gxeess of 2 um (alier a1 . 1c

curing). The range of the polymer thickness can vary from 2 um” to 150 um,

i dependenton electr F@%ﬁ@,%ﬂg%@%@%ﬂ%@- Eor the.depogition, af Iayer2Q 5t i vely
the Hitachi-Dupont polyimide HD 2732 or 2734 can, for example, be used.

srl{1e1PONyiIde £an ber spinson goated:angured ,Aller spip0nGoAting; theaq with

polyimide will be cured at 400 degrees C. for about 1 hour in a vacuum or
ritregen-ambient ; Fora thigker layer of polyimide, 1he pelyimidesfimganbeue 5 is
multiple coated and cured.
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
is very important because it protects the device wafer from

moisture and foreign ion contamination. The positioning of this
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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 recently gained acceptance to be

used instead of typical polyimide application. 24 The dimensions of openings
22, 36.and 38 ha\é%grevi usly been discussed. h§ d%r}qeniiggeof theCed

12 éeﬁin%es %SS%er withthe diefectric thickness determine the asgé:c? Fatio 6

the opening. The.aspect ratio challenges the via etch process. and the metal .
g apabiil. o adets A meler or Sperings O3 SE 36 i the Farige. 22 10m
s O} gRpraximately 95 Wpitp 30.ym, the height for.openings 22/36/38.can,be

in the range of approximately 2 um to 150 um. The aspect ratio of openings

1243038 15 designed sueh that filing, ofthe via with metalcan, b1 e room

accomplished. The via can be filled with CVD metal such as CVD tungsten

r OHGVR £opPer, Mith glfctrodess.nicke] cwith &, damascepe matal lling o c+ing

process, with electroplating copper, etc. The referenced application can be

ndyrther.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

Frcuit)

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

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
recently gained acceptance to be used instead of typical

polyimide application.
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be further extended by depositing a second layer of polyimide oil top of the
previously deposited layer 20 and overlaying the pads 26 and 28. Selective
etching and metal deposition can further create additional contact points on
the surface of the second layer of polyimide that can be interconnected with
pad312n6ean 1 mZS. Alddltlongy_aa/eés of posly_lgyde ?gd th tg%reﬁ)n created 25

; . : 1
contact pads Can be customized t%lanﬁartlcular appﬁlélaghon, the ' inditated °"° Y

beeé%e”@fi%”chsm”HiP'efri?é’eaﬁo‘é%%'Xi&!d%% greatly, gnhances the flexbilty ang, 1,
usefulness ofstﬁe re erencedn contlnuatlon-ln-par?gppllca%on. E .1 snows a

df}%fg:c gsign @HY%%‘Q%Q‘C ecgq%@pgegPQOE%gygnig-gfgt APICAION oo 1 g,

IS advantage allows for sub- micron or fine s, that run in the immediate

riicinity.of the metal layers d4-andtha conact paints 16, 10 be extendedin g 51

upward direction 30 through métal interconnect 36. This extension continues

£41 ihedirection 32 in the hatizontal plane. of theymetalintercannedt,28 ands

comes back down in the downward direction 34 through metal interconnéct

2 383 dhedunclionsand, constrycts of the passivationplayer, 18 apd e m, the

insulating layer 20 remain as previously highlighted. This basic design
nadyantage, ob e inventionisig /elevale) ascfanout; the fingrling

interconnects and to remove these interconnects from the micro
approximately 2 pm to 150 pm. The aspect ratio of openings
22/36/38 1s 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
create additional contact points on the surface of the second
layer of polyimide that can be interconnected with pads 26 and

28. Additional layers of polyimide and the thereon created
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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 not include any aspect of conducting line re-distribution and

therefqre has an inherent quality of simplicity. It therefore, further adds tp the
L e R s WA URIPAR, tne

. Sub-micro, wiring accessible at a.wide - and thick metal level. The
D s R e T ey s areatly

eﬁ%@rﬁ*@@.éh%h%aﬁge%?%iaﬂdt O'XE{‘c?rSEle%’%'I}gi §sdi8'ﬁ°t{i9e'a¥§r§erenc.ed

continuing over a distance on‘the wide an metal level and continuing

< yidescending 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 ofiany, partiguiar dype sUch as3ignalorRANET < ground,ith wide: atd-cq

thick metal line 26 and 28. The laws of physics and electronics will impose

cdimitations 1ib any -Aste-whatsype of daterconnect canpyesiaflished dg thisor supb-
manner, limiting factors will be the conventional electrical limiting factors of
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
not include any aspect of conducting line re-distribution and
therefore has an inherent quality of simplicity. It therefore

further adds to the importance of the referenced application in
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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 gf Itnhq(appllcatlon and, use of In.te%rated Circuits and the g%ptgﬁon of .

t}%ﬁ‘ese circuits to a wide a%ﬁ%hi%ﬁ?ﬁ&%er?vi%%%é}% ﬁifﬁgs.szls ows how wide

a i bRSIc niercannect aspect g he referenced coniuation-npart, .y <
application can urther be exten%eé] under ﬁ1e present invention to not on Yy

1 Sievate i eeJ@eﬁ%‘gta%E%éh—ele@%'%%%%kﬁf%egf% %@Fi%go%.et%lg%%ﬁ%eﬁ'%e

add an inductor on the surface o imi

odnductor is created in 2 plane that is parallel ith the surface of the sybstrate

10 whereby this plane however is separated from the surface of the

cSupstiate 10 By the combined beights otlaygrs 2,4 18, apd 20-Fig: 21 evel and

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

cPerrengicyanto hesuriage of subsirate,10. Thewideand,thick metghwills e 1

also contribute to a reduction of the resistive energy losses. Furthermore, the

pdQW registivitygmnetal, suchaas, gold, silver-and,copper; gapbeapplied 480 hrough
electroplating, the thickness can be about 20 um.
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

and use of Integrated Circuits and the adaptation of these

circuits to a wide and thick metal environment.
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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 conventional

methads of metal, sich 25 gold, copper andthe ke deposiiony oo 1.
electropftdting or mefal sputter processes. g4 SHOWS a top view o

rductor.49 whereby the.indyctor has heen further isolated from. (e surfage,
of the substrate 1 By the addition ogﬁayer 42 c;TCferromagnetlc material.

e DPEN c§§8 %eg%ﬁ? aE%de"g%g%E% of [errgmagnetc materi :;J; %’1{ éh% £NIUGIoLs, ¢

36 an ayer 44 eposited using conventional methods to a

¢ fhickpess.that gan e experimentally, detergined,and fhatys jpfiuencgd by o 4156

and partially dependent on the types of materials used and the thickness of

adhe layers that e usedoverlyingethefegpmagnefic materigl (such as layer

20) for the creation of the structure that is shown in cross section in Fig. 4.

pdhgisiriace arga of the farramagneticlayerd4 fypicaly, gxtepds overthe, rai1e1

surface of layer 18 such that the inductor 40 aligns with and overlays the

wiayerdds the surface area Qf laygr éﬂﬁ@@ebeigﬂﬁﬂg?@1§gg hily;heyond thegg yever
boundaries to further improve shielding the surface of substrate

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
conventional methods of metal, such as gold, copper and the

like, deposition by electroplating or metal sputter processes.
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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 e solgtedfiom the nderying siicon sybstiate 10,0y g ayer, 44 tat, . o
comprises eithér ferromagiietic or a good conductor. 29 Fig. 5a shows, for

4223015 0f dlarity. 3 sinplfied sross. sectiglolhe sybstigte glidthe jayers. . 1
that are created oii the surface of the substrate tuider the processes of the

A8 Silcol SUbatale 13 yor of QAT L el NS by~ DIhings

afepgsited gver;the, suiiace, of the subsirate, - Ld.aiLlifereaqijiect layer that .

coiitailis liitercoiiliect lilies, vias aiid coiitact poiiits - 16, coiitact poiiits oii the

cSHigce of thesiitercajiiiest layar 14 .+, 18, & layer ofpassivatiol iiito 'gh

opeiiiiigs have beeii created through which the coiitact poiiits 16 caii

c&e6essethn20, athieklayer gf polymerdiid<21 colidugtive.plugs that:haver 211
beeii provided through the layer
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
be isolated from the underlying silicon substrate 10 by a layer

44 that comprises either ferromagnetic or a good conductor.
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20 of polyimide. The thick layer 20 of polymer caii be coated iii liquid form oii
the surface of the layer 18 of passivatioii or caii be lamiiiated over the
surface of layer 18 of passivatioii by dry film applicatioii. Vias that are
required for the creatioii of coiiductive plugs 21 caii be defiiied by

coiiveiitioiial processes of 30 photolitho ra§y r can be created using.laser
(il s RS Hear Fone Bt oG i thaf 16 et et erofomoss

se'%Vte{&Eh?)tfs éﬂ%w%‘d%&{%sast%ecé'% 'r%rf'eg-P&‘K%%Ssb%%%tcr%%tgdcsr"eth%d on the
additional electrical components such as an Inductor, a capacitor and the like

SRR ecrc?ﬁtec%%” &%%%‘%%Ccee of layer 20,08 Ff{%'yé@édses and &%efﬁgicﬁvention,

contact with conductive plugs 21. Layer 12 of dielectric may, in the cross

1PECHan hat i, shown 1n Eig. 53, be part of Jayer 14, sincg  layer, 14 _i%{aﬂaaé/e%
of Intra Level Dielectric (ILD) within which layer 12 can'be readily integrated.
5 JVith respegt ta. 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.

) Aggi;iogﬁléy @519%%% sggwggggtléoper layer 17 of the silicon substrate 10

that contains active semiconductor devices. Also shown is the cross section
-OH§Q 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
film application. Vias that are required for the creation of

conductive plugs 21 can be defined by conventional processes of
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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 for instance gold is preferred for the formation of inductor 19. It has

been shor\{vn that Ex thick IaFyer %‘ old incrceaged the Q f»l value(%frin%‘;tor 19

Plhont abouit 8 16 absut 20 for 2.4 GHZ ‘applications, which represents a

tes,iccilnrilf(i)claont improvement in the Q value of inductor 19. Fig. 6a shows a cross
section of & 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 ovex fhe- surfacs af layer 14,; opgaings havebeengreated ndayer o«

18 of passivation through which the surface of contact pads 16 can be

1 Agcessed, £ capaciipr contains, asds well knoyn, ajower plate, af, UppeL

plate and a layer of dielectric that separates the upper plate from the lower

cPlaleGihese camponantsiof &.capaciiar can Le readily ideniifieddrom they

cross section that is shown in Fig. 6a, as follows: - 42 is a conductive layer
iﬁ@@3989§t%eEyﬁ%dg@@ﬂﬁéﬂﬁ 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
for instance gold is preferred for the formation of inductor 19.

It has been shown that a thick layer of gold increased the Q
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capacitor - 44 is a conductive layer that forms the upper plate of the
capacitor - 46 is the dielectric layer that separates the upper plate 44 of the
capacitor from the lower plate 42. 32 It must be noted from the cross section
that is shown in Fig. 6a that the capacitor has been created on the surface of

véﬁ% 1&"&%""53@:"9&'@”1@‘%?{8%‘3%%851?‘?%‘“@% the capaciior is thereforg,, ,
referred to as a post-passivation processing sequence. Processing
conitio s and ma eriaﬁs that can be,used for the Ereation aof the respective .
. t . T j th
“Nayers 42, 44 and 46 have Already been highiighted and need therefore not™
0 b\?afEﬁthE ge{%llgﬁczﬁc;glsltgne. The main points of interest are the_varlous
thicknesses to which the three layers 42, 44 and 46 can be deposited, as

follows: - layer 18 of passivation between about 0.1 um and 0.3 um - layer 42
of conductive material between about 0.5 and 20 um - layer 44 of dielectric

betwgen, abgut 50Q,gad 10000-angstram,, ande 13yer46, ol gNAUGINE has peen

material’between about 0.5 and 20 um. The post-passivation created

cf@gégﬁnghakﬁéﬂEW%E@égog% 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

- 46 is the dielectric layer that separates the upper plate 44

of the capacitor from the lower plate 42.
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section in Fig. 6a has: - reduced parasitic capacitance between the capacitor
and the underlying silicon substrate 33 allowed for the use of a thick layer of
conductive material, reducing the resistance of the capacitor; this is
particularly important for wireless applications allowed for the use of
hlgg-%%ligta c material s%g:h as T}|102, Ta205 for the ghel%ﬁ%% begwes%rgD ‘tﬂhﬁa i

S note e 'CrOss secrtl 1
upper andt eﬁower p%te (%Htlhe capam?or, resuﬁlng Ina er capacitive

value.of the capacitor. Fig. 6b shows a three-dimensional view ,0f the

F ey R e e O Morface of

1&'3}%@’%1 fpassivation. further hi @%&% inFig. 6h _are; - 23, vias that ;
aecreategﬁw Egr)le t%liglaygrnof pgfym%r , Ig?g.OSa, or t?iejint rconnect 01‘Cl or

1 dhe yppet-and the.lower levels of metal githe ndugtgr ; 23,,ths.hottom metal

of the inductor - 27, the top metal for the inductor. Fig. 6¢ shows a three

sdimensionabyiswaf anigductog that has been greated ondhe sudace Of 8. yseq

layer 18 of passivation by first depositing a thick layer 29 of polymer over
fﬁ@“gﬁél%f%étion of the respective layers 42, 44 and 46 have

n

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 upm 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:

- reduced parasitic capacitance between the capacitor and the

underlying silicon substrate
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(not shown) of polymer is deposited, vias 23 are created in the thick layer 20
(Fig. 5a) of polymer. In addition to the 34 previously highlighted layers, Fig.

6¢c shows a layer 29 of polyimide. 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 ,
R 6 e o Tl S e e e i, g terial,

inductor has been created as previously shown in Fig. 6c¢. Vias 23 are .

L RAEA s 418 (55 SOAPIES 27 of e TRRRLTF bolbhembtaliAss Feularly

Zfirgf thetind;éct&r)Ilgvégatei:i{uggssigce éh%gr.e not visible on the surface of the

Iaye}o56 -“Further detaifed a6 via§ 23" an ig'nﬁhe lower extremity of via 23'

_mity of vi% 1_2311 ar%ggrin%cte tq inter%onn.ecilines Ele and

_and the upper extrte[h 710
35 ia‘_”%e) re%ﬁec |veelf/l,stﬁeses intérconnect fines 31 4 %lﬁrovﬁd“éct as b

cannectiqgn for further. interconnect of the inductor 19. Fig. 6e shows a.cross
SR of e S e EEae ERbHas intaa, pged and PHS HFGES plate

the{neh6e-6e' that .is shown in f . 6d. Contacépagls 16' have been roviciied £
o e B fae Rt T 18 T A S AR OB thesh Eaniint abE 16 hdfe 108 ©
cocrgltgctcvgi}gggiec\éigs 23, 23" and 23" for interconnection

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
(not shown) of polymer is deposited, vias 23 are created in the

thick layer 20 (Fig. b5a) of polymer. In addition to the
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between the bottom metal 25 of inductor 19 and the upper metal 27 of the
inductor 19. Interconnects to vias 23' and 23" are the 35 lines 31 and 33
which, as previously stated, coiinect the inductor 19 to surrounding electrical
circuitry or components The creation of a toroidal inductor overlying a layer

vpas,3| latlo st%tlaceen srgfvin yf?ofpg and ggw ere toroi aI coil 712 |s

Prdaed on'the st alaye Sivation. op 3 fevel me¥§5

ttom level al 25’ nd V|as that intercon eg! tbottomj%lv tal
PSui top(TeveImrt%tal 27 Have Jf)een hlgsnllg}twte |n ig 6fctt—|g né%s %rOttom

%‘t‘,@ﬁerz%la% ;88 3,{0p, view of e {¢ °é8'd9!> ofFlg. 6f; The highlighted, .., o

eatures of thi ure have previously been exp alned and therefore do not

afieepHg be; further discussed at iis ime; Hg, 7 Shaws aer %‘i% Cliol) pat

where, as in Fig. 6a, a capacitor is created on the surface o strate 10. In

pfg%qugqgegmgmgtg %h%l%ﬂg 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

genrgotfﬁé mast of the, capacitey, thatis the lower plate 42, the,upperptateds
which an inductor has been created as previously shown in Fig.
6c. 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”7, 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 vias 23, 23’ and 23” for interconnection
between the bottom metal 25 of inductor 19 and the upper metal

27 of the inductor 19. Interconnects to vias 23’ and 23” are the
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the dielectric 46, from the surface of substrate 10 by a 36 distance that is
equal to the thickness of layer 20. It has previously been state that the range
of polyimide thickness can vary from 2 um to 150 um 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 b

e TR e sCTEA ot ek Ste 10 by i I bt 2 0 L6 B, 1

s Jyglear that dhis [eads to-a significant increase, in distance.bemeen g ocon o
capacict)or and the undrerlylng sificon su%strate, the parasitic c%pacitancé) 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

passivafion, 4 Jesisiar 48has @@%ﬁe@ﬁquaﬁ%&rf@% 9&%@% 8oL, of

passivation. A resistor, as is well known, is created by connec WO points

pVthia materialthat offers electrical; resistance (o-the passage,pl CUMept o ; a1

through the material. The two points that are part of the resistance 48 that is

cshewngn 6ross sectinyinFige Barg the Geatackpads 16dhatiRavedesissivation.

created in or on the surface of the interconnect layer 14. By creating layer 48

Thetween the g gontaet pads, that interconpests the two goptact pads andrna ¢
that is deposited on the
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
capacitor, that is the lower plate 42, the upper plate 44 and

the dielectric 46, from the surface of substrate 10 by a
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surface of passivation layer 18, a resistor has been created Ill accordance
with the processes of the invention. For the creation 37 of layer 48 a high
resistivity material can be used such as TaN, silicon nitride, phosphosilicate
glass (PSG), silicon oxynitride, aluminum, aluminum oxide (AlxQy), tantalum,

nignbium, olybdenum. It is clear that dimensions ﬁas thickne
o T e P AT R TR N has

application dependent and can therefare _not be specified at this time. in,an
P QELail THEeBistor tRAE 1S st i S0s5 Setton n gt § 18, a8 are the~>> o2

vE a%‘%%ﬁf of Ejgs.8a ang 7, greated i% Zﬁ’é’@& Ragsivatgn 8@&8?% onthe 4o i gn

surface of layer 18 of passivation. Fig. S a cross section of a substrate

r &0n A IRtercaNnast Javer, 14 has heen crepted op the sugdage pfIe. o55 section

substrate. A layer 18 of passivation has been deposited over the layer 14 of

sigreonnest metal, athick layer 20 of polyimide, has;heen deposited qvepthe 1o

surface of the passivation layer 18. A resistor 48 has been created on the

r SHHace of thelayge 2Q.0f spplimide.sThesresistar 48 is,greated conpealings 2 un

the two contact pads 16 with a thin high resistivity layer of metal. By

tdnareasmng IhQQ'SI%_n(&Q%tWe@@atBGQQQé/ of 4he Lesigfor and 4he surface ofncrease
substrate (by the thickness of the poly layer 20) the

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
surface of passivation layer 18, a resistor has been created in

accordance with the processes of the invention. For the creation
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parasitic capacitance between the body of the resistor and the substrate is
reduced resulting in an improved resistive 38 component (reduced parasitic
capacitive loss, improved high frequency performance). Further applications
of the post-passivation processing of the invention are shown in Figs. 10 and

1. which centrate oil _making ball contact points between contact pads
1614 an Svoyi ociie EOmPOREH, oh B GSRIE Ity Lo 2= T,
Plroceeding I{Qg‘rt{‘ surface,of sugstr%tfilcg)aigean upvi%rgsdirec}pém

sil? S . SnOStogilicon
t have prewouslygbeen identifie

the fe}%{%rs. that are secﬁwn in” El%s]_’i : dG and are
of3afeen Fio- L0.uging the same pymeails asfave.previolisly 82€N Uehe a1 un,

these layers. Where Fig. 10 shows previously not identified layers is in: -

n 20, 5001RC RIygs Bt have been formed through the thick Iaygr2Q0bns such as

polymer - 52, contact'balls that have been formed on the surface of the

£ £PPIact plugs BOUSIRG conyentional methagds of seleclive solder deposjion, ¢ 13 gp

(plating or ball mounting on the surface of plugs 50), the application of a flux

r@é‘itg'@ i%it%%féglpfé la%@m’g@lt@%é@p@ﬁ t%@@hﬁ@rﬁo@ﬁg b@é'l% S%herefore

and - 54, a cross section of a discrete electrical component such as an
néﬁdqur§5@6¥§§%%?%@pa@H@%o%ﬁﬁ%$$ﬁ¥-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

substrate is reduced resulting in an improved resistive
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Fig. 11 shows a cross section of a silicon substrate 10 on the surface of
which a discrete electrical component 54 has been 39 mounted, contact
balls 56 are used whereby the distance between the substrate 10 and the
electrical component 54 is of a significant value. Contact balls are inserted
o e openings, tha have beep created.In the layer 48 of passivation, 1 o
ov%ﬂying th«<a contact pfd% fﬁ,]the fre?éatﬁlefy Iargeé)/ contact bals 56 creakfe a
£ Pi?ngdfé%anig seg%@(gigrpl beéw§§n the surface of substrate 10 and the discrete
electrical'co ponent B4 Thé 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 - instead of mounting the passive,

discrete, Gapaponent pA-an the, sugace pf a fyinted Circwit Board (BCBLDE, g of

passive component 54 can be mounted closer to a semiconductor device in

r#le present inyention. Thraughout the yethpds angl proceduresthal RAaYe. + rate on

been explained above using the examples that are shown in cross section in

ndhe Agcempanying drawings; thesfollawinghas-been adheredtoi g they an
passive components have been further removed from the
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.

Fig. 11 shows a cross section of a silicon substrate 10 on

the surface of which a discrete electrical component 54 has been
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silicon substrate, thereby reducing the negative impact that 40 is induced by
the substrate due to electromagnetic losses incurred in the substrate the
post-passivation process of the invention allows for the selection of discrete
component design parameters that result in reduced resistance of the

@Jﬁ%%tg Ca@@ﬁﬁ%&%”%éﬁ%g'sg%ﬂ%'rrc‘ad“L‘%é%rdt%ésr%“éthGEEEaéIrSE"aH‘% between
(0] owmg comparison between prior art processes an the processes of the

cifvention, Briocatt sequtes for the greation of an aductor theuse ot thin
metal, which Imposes the creation of wide coils for-an inductor resultlng n

SJ;t %??ﬁ%%%%”?y%ﬁ%fe?? g} isrequise }{]%r_tgfén%cég&\é@@hi' WMpe openings

creases the parasitic capacitance of the inductor causing eddy current

£Aassesdndhe sudacs otthe sustraie, The presgnt ivention y Gontast.cam i ng

use thick metal, since the metal of the passive component is (by the thick

£ HAYEL S Polymer) semoyed from th?e(iﬁi{?ig@ﬁ?) intereonnectiayerl4, ands s¢
(as a consequence) reduces the surface areathat is required for the inductor,
cf@@fg-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:

- the passive components have been further removed from the

silicon substrate, thereby reducing the negative impact that
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- reduces the resistivity of the inductor, thereby increasing the Q value of the
inductor. 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 wi ouc} departin frog the spirit of the invention or from the
ctobe O R BBl AR 4L L. A R of TG A oS3
mQHgtl% E%r O{u% p%rlformlalgcs% r|gt£eeqrated CI!‘C.UItS overla}ylng the surface of a
semiconductor su s?ra%e, comprising: providing a semiconductor substrate,

in_or on the surface. of which semiconductgr QE\QCE‘%Q%V% been zﬂ ag%d
to

the post-pasSsivation process o . ntion S’ for the
having %om% Fotelectnical contact provide said semiconductor devices in

pr%%Qéhcecﬁl%trllveo%urI:?‘Jﬁse ccj):fes‘géd ggpnl?gantgh%reggrslggg c%/aepéa%g‘i?ers that result
Interconnecting metalization structure comprising one or more layers o

inferconneats QveL ihe active syfacs, of said é%Q%téatcea(g%%i&' %éé%rsaoﬁ d the

Interconnects comprising conductive interconnect lines or conductive contact

paints Qrqonductiye vias in one.or,morg, Jayers. with, points gRelegllical, 1 1 oying
contact having been provided
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

increased 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)

reduces the surface area that is required for the inductor,

and
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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 of said
] over(lfging int rconneqtingmetalization structure, at least one of said metal .
iS5 Said tofitact pomts 8t 5aid°CortdtictivB Vs aking ortact witl a2 119
Iegﬁt one of 'iaid po%ntgﬁlB aof eAecthaI contact provided to said
semicondUctor devices it or'on the Surface of said substrate; depositing a
passivation layer over said overlaying interconnecting metalization structure;
depositing a polymer insulating, separating layer over said passivation layer
that is tantially thicker than said passivation layer.and that is also, . .
ubsttaT ke ot o e, T R B i dreay invention
nderconnecting, metglization styueture: forming.apenings, Migua #gid, .,
polymer insulating, separating layer and through said passivation JFayer to
a&Xpose af Jegstoneypair alsald poinis of elactieal coniaclbaupg EEY ix the

provided in or on the surface of Said overlaying interconnecting metalization
aSHUCHE®) 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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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 inter%cinnier%ing metalization structure. 2.
The method of claim 1 wherein the sizé of said points of electrical contact
having been provided in or on the surface of 44 said overlayiiig
iiitercoiiiiectiiig metalizatioii structure is withiii the raiige of approximately 0.3

1 UM, 1Q, 20,40, Jﬁ.ef@ﬁ%" Qfa%a‘%%mesg" (?J'fd ROlis %f clectrical, .o

colltact havmg eell provided Iil or ol the surrace o said” ov riayiig

1 ditgreoiliectiiig mefalizatiol structure, compyisea, rpatenial that is,sglecteds oo
from a group comprisiiig sputtered alumiiium, CVD tuiigsteii, CVD coppet,
S@J)%c&o(p@gd(g&%rglggg plated silver, electroplated copper, electroless gold

aild electroless iiickel. 4. The method of claim 1 whereby said iiiductor is

embeddedili &, dielectrt, alid furthergiore govered Ry a jayes of passivatiall r race

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

o$'S§i@é%'9k§%%irat'%%kf‘%§% ei'i'\frv%%‘i @H'gt%?a'%é’ﬁg Oéa"%noféé%%%é’%r devices in
erromagiiétic materia een the surface of said passivation layer an
the thecrgover d%osited polgmgr in ulattin separating layer. 7. The method
. . O.f . 5 :
©'of ¢laim 1 wherein said inductor |588?j§ sgf%ledeagn and is created on the

sy rfa%% %’i‘i@i%o yep %‘éé‘@?@i osx‘f PRI '%%&a%‘% na 8!%‘?1@%& gg

paral e plane of " the surface of said polymer insulating, separatin

e BuTie method,of giei Jwhereln. sadingugtor s created using

amascene processing procedures. 9. The method of claim 1 wherein said

im“‘%ﬁ%&a@ﬂ%ﬁﬁ‘?q L!a?i’%gs%@_Pdﬁﬁ’éB"DQtPliH‘tr?,gr%ggﬁzeéE%‘&el%{%r over said

etching. 10. A method for forming a capacitor for high performance

pdiegrated Sireyits on the, surface af.a seauconduciprisubsirate, 3aid saig

capacitor comprising a top plate and a bottom plate and a layer of dielectric
pdrisrspersed, be said top apd 5aid; boyom,plate, comprising: 1previding@dan an

semiconductor substrate, in or on the surface

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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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 creating an overlaying interconnecting
metalization structure comprising one or more layers of interconnects over
the active iurface of said substrate, said Ia}éecrs of in%erconneccts com rising o
said ,over a¥1n8 in ?rconnect%P%.m allz? LO? S ru%?u e 18 within
conductive interconnect lines or conductive contact points or conductive vias
in one or mare layers, with Qoi ts %f %lectric%l cantact having been provided
the ram%e O a gr?xn&a eTlg U . m O ) m. . .
in or on the surface of said overlaying interconnec m& 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

3 Orsaid ganductive vias)arpyided,in spic ane, ot MALe Jayers OF S or i ca1

overlaying interconnecting metalization structure, at least one of said metal

cdines of said coplaglpaints,qrsaid condugtive,yias making equiactwith af 4

least one of said points of electrical contact provided to said semiconductor

O\gj@i’@?iiﬂgoriq{tglec%f?é:@tqfr?@i%élﬂ%ﬁtﬁaztgt§@g pQ@ﬁ@Eﬁ@”&%prise a

contact provided on the surface of said overlaying interconnecting
md’%%@!ﬂéqt'%%w Ciléfesl?ﬁ_' ag divided-isto pairs Rfevesandiadd gumbered red
adjacent contact points whereby one
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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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 47 overlaying at least one even

contact pg'nt of saig points of elegtrical conta%t.havi been pr vig d ir]cgr
betw%en e Slflr a&e Of Sal tgassuva l10on quﬁ]e]f n e tnereover
on the surface of “said overlaying interconnecting metalfzation structure;

d degositing a firft Iaé(er of corldutctive material over the -surface of said layer of
eposited po ﬁg r 1n§u a ln%, se$%fatlng la¥e¥. . .Y
ppasswatlon, 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

7 Provideq ingran the siifage of said averlayinginterggnnegting metalization .,

structure, creating said bottom plate of said capacitor; depositing a layer o

d@éﬁ&@%‘”&r&’& et the surfaceofsaid Hirstlayer of.conductive matedials inclyding ¢ 5 g,
said opening to at least one of said even numbered points of electrical

s &BQ@&F@%&Q@}@B?&@%@CBW%S%Q laver of dielectric, creating an OReRINg e of

said layer of dielectric to at least one of said even numbered points of
t redectrical coptact, %i‘@"b%&@f?{%&g f‘}hsulating, 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;
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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
diele%tgcg%qd 48 apr‘laltterréigg angnetcrlljng es%i:dos%%or?ila%egn %f colndgcgv% n
matefial, creaﬁl%g said Yop plaé}/e ofsaid capacitor. 1I. THe Thethod 6f claim 10
s ¥ith-additions] pracessing sieps performed after.said step,of the paerning
and etc ing saufﬁayer passivation, comprls\i]ng. depositing a pof)l/mer
jasula %é?@%&%'é‘%%%r ey the, suutace, of ,Saé%dE%tt%rQ(??ragdo?Ched
ayer of passivation, Including said openings created in said layer o
1 PASsvaneL. aod patteming and etehing said.palymer insylating, separating
layer, creating at least one opéning in said polymer insulating, separating
cdavgrdhatalians with-at legst.one gf.said eyen nymbered.paints ofelgctrical o
contact on the surface of said overlaying interconnecting metalization
1 SYueture 12, The method,ef claim 11 wherein,said PoIvmeriinsUIBERY: provided

separating layer is of a thickness after curing within the range

in or on the surface of said overlaying interconnecting

over

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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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 49 integrated circuits on
the surface of a semiconductor substrate, comprising: providing a
oSEmigonduetor supstrate. In or onhe surface of which semicondyctor, . ¢
eviced navebeen created, %avmg points of élegtrlcaitcon act prov%%%:into

ai semianducl;gr dgviges in._or,on the active surface of said sucq§trate'
elfectrica coT acCtC. av1nﬂ beennpr%yl ed 1n ?r on e .surface of
creating an overlaying interconnecting metalization structure comprising one

saldl %rx?e' ?gi%;? o é?@ FRanpests Qe 1W§ %Cetg’g surtace of said substrate,

said layer interconnects comprising conductive interconnect lines or

condyetive.Gonta %Oi%@%&%Q%gﬁ}v%%iaé_é@l%%91%”&@?5%i"’ig\;e_r the

points of electrical contact havingbeen provided in or on the surface of said

svedaying interconnecting. metalizatign, structyre, gt laast one of said BRIDIS: ngs

of electrical contact making contact with at least one of said ‘conductive

ciRigreonnest linesonsajd copguctivecamagtppints or said conductive vias

provided in said one or more layers of said overlaying interconnecting
mem%@%%%%ﬁﬂﬂé“%%étE%@Eing 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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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;

50 patterning and otehing said layer of passivation, creating gpenings n said.
Iayero passivation, at ieast two Ot sald openings overlaying a least one pair

of goi.ntsl of electrjtcal contact havin l'ieetn pro%/ided.ig the surfa%e of said
mat ]flla. crea 1ng Sal t(ﬁ_‘% at_cf OL. .Sal CaPaFl Odf. .
overlaying interconnecting metalization; depositing a layer of conductive

material over the surface of said layer of passivation, including said openings
created in said layer of passivation; patterning and etching said layer of

1 fesistive ganqueting -material, grealing a layer;qf conductive, materia| c}hf%tc eps

interconnects at least one pair of said openings created in said layero

pPAESVALAN Greating said resistor 5.4 method forforming & resisior iy 545 g

high performance integrated circuits on the surface of a semiconductor

1 8ybstrate, Lomprising: providing.a semicpnductor substrate, in or on the
surface

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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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 gaid.substr te, sai ayers of_intercopnects compris&n%gonductg/e
1ntegrate FerUl f on sur{a%e oL a semécon UctOor Substrate,
interconnect lines or 51 conductive contact points or conductive vias in one or

c morfgilajygrs_, with points of electrical contact having been provided in or on
The siirtace of said overlaying interconnecting metalization structure, at least

one of saud ROt of glgetrical contact %%gcd%%@@t With gL least one of . race

said “conductive’interconnect lines or said conductive contact points or sal

o £opuchvevias provided in sajd.onear matg.layers of saidquerlaying; g oints

interconnecting metalization structure, at least one of said metal lines or said

o£0Dtact points, er said: condugtive vigsmaking.gontactyith, ahleastone0fi ces in

said points of electrical contact provided to said semiconductor devices in or

o odhe surface of saidssubstrate; deposifing.a, passivation layer over said

overlaying interconnecting metalization structure; patterning and etching said

|aymﬁ¥é@§§%§ﬁ@h(3@%@¥£ying 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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openings in said layer of passivation, at least two of said openings

overlaying and partially exposing at least one pair of points of electrical

contact having been provided in the surface of said overlaying

interconnecting metalization structure; depositing an polymer insulating,

separatin Ia}/]er over the urLace of said pﬁtterned afd etched layer of .
oo A AL et e o L e ayes of A8 Rt 7o 109

oPAEi00 And. etohing said palymet insulating, separating. ayet, sreating.at
cast one pair 6f openings in said polymer 52 ndulating, separating layer that

ogY é'tho%%@lsatgl Palk of opepings cr %tfg i%??clg?'i‘}{%%o“o%fséi‘éaé@ical

partially exposing at least one pair of points of electrical contact having been

cHieyded in the surface of Sald oxerlaying Jptereonnecting metalizafiof, o 1 4y i ng

structure; depositing a layer of conductive material over the surface of said

i&@&@@%&iﬂé%@ﬁﬂg’ mﬁq%l@ygﬁi,ncluding said openings created in said

polymer insulating, separating layer; and patterning and etching said layer of

resistivg,eanducting, material, creating g Jayarf Genductve majerial hal surrace
interconnects at least one pair of said openings created in said layer of
opa§§W§UQ%jg?aHﬁg§§@§§§§g¥on, including said openings created in
said layer of passivation;
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.

15. A method for forming a resistor for high performance
integrated 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 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
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16. The method of claim 15 wherein said passivation layer comprises a layer
within the range of approximately 0.15 to 2.0 um of Plasma Enhanced CVD
(PECVD) oxide over which a layer within the range of approximately 0.5 to
2.0 um PECVD nitride is deposited. 17. The method of claim 15 wherein said
- I?g/urg%riinsulaggg, sgparéatin? layer comp Lseg.g}olyi@ide or. %heay%%lymgrmore
enzocyéfgbuctene ?Ig BI)) 53'18. The method of ¢faim 15 whereiii Said
olymer iiisulatiiig, . separatiiig layer is.of a thickiiess after curiiig withiii the .
Tty 1 D10 10 i 10 Tha hecihod o7 G 16 helgip v-0ed

irgnag p%'MTﬁEQ‘%}'S%%c&?B%@@% a%%ﬁggﬁgwﬁ%%9H%§ﬁge&j?r9gThe

ethod of claim ereiil said polymer iiisu , Separatiiig layer is

mSHRIECted to, multiple, processiiig staps,af. spijoii goatiilg Qiid cupig. 21 A

method for mouiitiiig a discrete electrical compoiieiit above ‘the surface of a

o SEMiGQiduCtor stbstrate, comprisiign orayidiliga, semicoiidugtop substrate i

or oii the surface of which semicoiiductor devices have beeii created, haviiig

cPRils Lafglectrical colifact provided fo said sempjceiiduetordeyices i +arQil points
the active surface of said substrate;

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;

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
openings overlaying and partially exposing at least one pair of
points of electrical contact having been provided in the surface
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
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creatiiig aii overlayiiig iiitercoiiiiectiiig metalizatioii structure comprisiiig oiie or
more layers of iiitercoiiiiects over the active surface of said substrate, said
layers of iiitercoiiiiects comprisiiig coiiductive iiitercoiiiiect liiies or coiiductive
coiitact poiiits or coiiductive vias iii oiie or more layers, with poiiits of

s gletieal coitact hayiig beeii provided,{i or g the suface, of sai ovelagli
|||Stercou||e§i’|ig%e4pmef‘a ization Structure, at I6ast one of said points o P
glectrical contact m%ki%g contact \é/ittﬂ at least ene of said conductive . .

e) oPenln%s.crea ed” In sai %%ﬁr o) .ﬁa331vaalon, gartlally
interconnect lines or said conductive contact points of said conductive vias

i in. said one or mare layers of said Qverlaying,i cti
g sactast ks S Crge i bt Shpo B bl AL b E e SRS

n &SRl copduetive ias making gantagt with at jeast ong 9&&8@1%‘3{2591 of

electrical contact provided to said semiconductor devices in or on

i sudace of said;subsirate; depositing a,passivation layer over said overlaying

interconnecting metalization structure; patterning and etching said layer of

passiyafion,;Greating, opepingsje said layer ofpassivation, at least wo,of syrrace
said openings overlaying at least one pair of points of electrical contact
o hayingeen pravided.in the sufgce 9f said-Qverlayingyer 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.

16. The method of claim 15 wherein said passivation layer
comprises a layer within the range of approximately 0.15 to 2.0
pm of Plasma Enhanced CVD (PECVD) oxide over which a layer within
the range of approximately 0.5 to 2.0 pm PECVD nitride is

deposited.
17. The method of claim 15 wherein said polymer insulating,

separating layer comprises polyimide or the polymer

benzocyclobutene (BCB).
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interconnecting metalization structure, providing at least one pair of points of
electrical contact in said layer of 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

L passivation; patterning and, etching seid polymer insulating, sebarating, layer,
Ciealting at least one pair of Openings in said polymer nsulating, separating

odpyerdhatalions wih atlesst ane pal o5 of polnis of leclloal BNARLy ¢ range
ovided T said-layer of passivation; selectively depositing a’layer o

Ogog%ggé\égimﬁeg IOY% tt&%syr ac 81:. 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

1 deastione paif oy points pf electrical contactproyidedJp Saiblayen ol 1 2+ 1 ng,

passivation; selectively creating a layer of solder over the surface of said

s&9Rduetiveplugs.positioning said disereie glegtigal.gorponent above and in

20. The method of claim 19 wherein said polymer insulating,
separating layer is subjected to multiple processing steps of

spin on coating and curing.

21. A method for mounting a discrete electrical component above
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 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
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alignment with said selectively created layer of solder such that electrical
contact points of said discrete electrical component align with said
selectively created layer of solder; and flowing said selectively created layer
of solder, creating solder balls connecting said discrete electrical component

iy saiconduciive plugs n sgid polymer inulating, separating, laye.
hereby connecting said discrete electrical component with a pair of points of

o £legtical cpntactin said layer,of passivation, 56,22, The method of cgim.21
whereili said polymer iiisulatilig;, separatiiig layer comprises a polyimide or

- fhgpavme beizooylobuteie (BCE). 23 The method of clam 2Luhereli ;...

said polymer liisulatiiig, separatilig Tayer is of a thickiiess after curiiig withiii

oﬂlh% é%'@eCQBSBB@i‘UBaR?lYa% p@&%@d‘é‘g %% E@%H‘eéﬁ%d 8§:Cﬁg‘9gl%ayers of

whereili said polymer iiisulatiiig, separatiiig layer is subjected to multiple

s PIOcesSlig SIens Of SpiikQikcoatiig.aild cyrilig . 25, The piethed gRelaim 21, ¢ 1 east

whereiii said discrete electrical compoiieiit is selected from a group

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
openings overlaying at least one pair of points of electrical
contact having been provided in the surface of said overlaying
interconnecting metalization structure, providing at least one
pair of points of electrical contact in said layer of
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

55



of a semicoiiductor substrate, comprisiiig: providiiig a semicoiiductor
substrate, iii or oii the surface of which semicoiiductor devices have beeii
created, haviiig poillts of electrical coiitact provided to said semicoiiductor
ofieyiossii or piie active syrfae o said substrate; creatilg af querlayiig,
litercoiliectiiig meétalizatioil” structure com%rlsmg oiie or more’layers-o

iliitercoiiiiects over 57 the active surface of said substrate, said layers of
assivaltion;

Interconnects comprising conductive interconnect lines or conductive contact

pointg (Q% gggql&%t'm/i vc'\%%l!gseg@% gé maort a?ggrsé with &o&gltgtoffée%g%%l rial over

contact having been provided in or on urface of said overlaying

ritercanpecting, mmetalization stiucture, at least one of saideDAINIS Of 5 a1 contact

electrical contact making contact with at least one of said conductive

prryeEconaect lines; or said conductye confagtipgints on saif Longduative was o s

provided in said one or more layers of said overl'aylng interconnecting

cPaglalization sruciure, atlgast one afsaid etaldines or said ¢antact pRInLS, ¢ i ng

or said conductive vias making contact with at least one of said points of

c@&%ﬁl@%@'@nﬁﬁ%%éoﬂﬂ%%ﬁaigaﬁﬁﬁmﬁ%ﬁ%ﬂé@ devcesini QEONdB®arating
surface of said substrate;
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;

positioning said discrete electrical component above and in
alignment with said selectively created layer of solder such
that electrical contact points of said discrete electrical
component align with 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.
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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 openings
overlaying at least one pair of points of electrical contact having been

2 provided . fhe surface of spid gyerlaying intercannecting metalization. .,
structure, providing at [éaSt oné pair ofrpomts ot electrical Contact in sala
SeIa /er Qgi%assi\éatié)g; 5% I]ge!:elcti\éeIyacreatﬂi .2 I.laa/gr 8}‘: s%lggr QUer tIQgrsurface
at least oiie galr of pmﬁts of electrical coiitact i said ayerpo% p%sswatioii;
itiQjjiii id discre ctrical compoiieiit above aiid aligiied with said
b%@ﬁa%ti%l%%@é%t%ﬁ%a;}e%r%ﬁsblder such that electrical coiitact poiiits of said
discrete electrical compoileilt aligii with said selectively created layer of

solder; aiid flowiiig said layer of selectively created solder, creatiiig solder

2 balls caiiiiectijig sajdedisgrete. electrigal campolieit witl), agleast ojie pair tff ng,

poiiits of electrical coiitact iii said layer of passivatioii. 27. The method o

s Salm.26 wherell said;discrete, elegtrical, comporieltis selegied fomagredR range

comprisiiig a resistor, a
of approximately 1.0 to 150 um.

24. The method of claim 21 wherein said polymer insulating,
separating layer is subjected to multiple processing steps of

spin on coating and curing.

25. The method of claim 21 wherein said discrete electrical
component is selected from a group comprising a resistor, a

capacitor and an inductor.

26. A method for mounting a discrete electrical component above
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 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

57



circuits overlayiiig the surface of a semicoiiductor substrate, comprisiilg: a
semicoiiductor substrate, iii or oii the surface of which semicoiiductor devices
have beeii created, haviiig poiiits of electrical coiitact provided to said
pifgmiciiductor devices i pr ofhe acfive surface of said,substrate; ai
oveﬁaymg |||tercou||ec%ug métalizatioi structure comprisiiig iié ‘or more
lavers of fiteregiiiiects over;the actiye, b surface, of said sybstrate, gaid
Ifayers of interconnects comp?lsing conductive interconnect Tines or
c SRAMHENF.CanlgeL, oINS or, candyCig Vigs.D e O TQTE RYSES: Wi o e
points of electrical contact having been provided in or on the surface of said
1 Qyetlaying interconnecting metalization structre. gtleast, ong ofsald,POIDES, 5 geq
of electrical contact making contact with at least one of said conductive
idntgreannectines oresaid cgnductive gontact points onsaid copductive,yas
provided in said one or more layers of said overlaying interconnecting
mdnetalization structyre. at least gne of said mgtal lines, gr said gontactpoints
or said conductive vias making contact with at least one of said points of
e Bleqtrical contagt previded 1o said -semicondyctor devicesdn or gadhe £ saig
surface of said substrate;

conductive interconnect lines or said conductive contact points

i r

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
openings overlaying at least one pair of points of electrical
contact having been provided in the surface of said overlaying
interconnecting metalization structure, providing at least one
pair of points of electrical contact in said layer of

passivation;
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a passivation layer deposited over said overlaying interconnecting
metalization structure; a polymer insulating, separating layer deposited 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, sai inteﬁconnectinq metall?ation strlflctur(i; enings formed
sSelec lVF creﬁt ng a %ﬁer P SO g%) oé%r the surface of
through'sai poym\{er insulating, separating layer an rough’sai

aPaféﬁ’%‘%o%ﬁaey %Eé% %X%‘%S.gp%ti'g stone éof‘e”c‘%fr%?é% Eog‘é%gg%'g"t{'&a'said layer

contact having been provided in or on the surface of said overlaying

o ﬁgcsqgg\gggg%nmetahzatlon structure; said openings filled with a conductive
materia

, creating’ metal contacts through said openings; and said inductor

form%%gﬁE*i%ﬁ%%cesgﬁéaigio%%% insulating, separatinglaver, safo e ang

inductor being connected to at least one pair of said points of electrical

a £0g1ack haying been, pravided in,anon the.surface of said oyedaying » such that

interconnecting metalization structure. 29. The inductor of claim 28 wherein

o fhe sizeof said,peints-of, slectrical gontach having heen provided in of 0RIHB onent
surface of said overlaying interconnecting metalization structure is within
align with said selectively created layer of solder; and

flowing said layer of selectively created solder, creating

solder balls connecting said discrete electrical component with

at least one pair of points of electrical contact in said layer

of passivation.

27. The method of claim 26 wherein said discrete electrical
component is selected from a group comprising a resistor, a

capacitor and an inductor.

28. An inductor for high performance integrated circuits
overlaying the surface of a semiconductor substrate, comprising:
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;

an overlaying interconnecting metalization structure

comprising one or more layers of interconnects over the active
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the range of approximately 0.3 um to 50 um. 30. The inductor of claim 28
wherein said passivation layer comprises a layer within the range of
approximately 0.15 to 2.0 um of Plasma Enhanced CVD (PECVD) oxide
over which a layer within the range of approximately 0.5 to 2.0 um PECVD
n;ftgde is Odgpsgasg%q. BJF. ThgangUCtgg OijC|?Im 28 wherein %ljc:icpgrl%mer

su ﬁce subst . .Sal %%%Fs of 1n ects
Insulating, separating layer comprises polyimide or the polymer

benzocyéclobuten%&BgB\)f 61 32. The inductor-of claim 28 Wheéein said
co%ﬁrls.ng c?n CtIve 1n erconn?c iknes QF con uctﬁ¥e contact
polymer insulating, separating layer i1s of a thickness after curing within the

pé@gg% chr_apgé%)g g{%¥é‘QfE0a%SQH%I§§ gper&%(}%(:@%&%%@,m %%%ﬁh Smnts of

said polymer insulating, separating layer is spin-on coated and cured. 34.

o1 nductpr of glaim 28 whargin said palymer insylaling,, separating l@(ﬁ:@éce of

subjected to multiple processing steps of spin on coating and curing. 35. The

sdndpctorofclaim, g8 wherein s3id points; ofglectyical, copiact paying heen o+ jeast

provided in or on the surface of said overlaying interconnecting metalization

orSuSHIre LOMPLise A Maferiah that is;selected from 2 group COMPEISING-+ with at
sputtered aluminum, CVD tungsten, CVD copper, electroplated gold,

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;

a passivation layer deposited over said overlaying
interconnecting metalization structure;

a polymer insulating, separating layer deposited 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;

openings formed 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
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electroplated copper, electroplated silver, electroless gold and electroless
nickel. 36. The inductor of claim 28 whereby said inductor is embedded in a
dielectric and furthermore covered by a layer of passivation. 62 37. The
inductor of claim 36 wherein said dielectric is a low-K dielectric. 38. The

. inductor of (ﬂaim 28 ¥vith theiadditi.o of one Qr more .Iayéers of ferromagnetic

in or .OP t F sur ace O Fal overla lﬁlﬁ} 11 er?%nﬁﬁctl g
material overlying said passivation layer overa thickness of between about
2,000 ang 50,000_ Angstrom and over a surface area that is about the

metallzatloh Str 9€¥re,. . . .
sUrface area over which said inductor overlays said polymer insulating,

separafing 'é}é%rnifﬁggpﬁﬁiﬂ% aid,qne gr more lavers, of aﬂ%}ggﬁﬁgﬁ?ﬂ%reating

material between the surface of said passivation layer an ereover

m@@&’i’sﬁ%‘%{?%@?réﬂ%ﬁ' 155_9&@&% }Larygg.;BQanTcpe inductor of claim 28

wherein said inductor is of a spiral design and is created on the surface of

said palymer jagilatng, SenAating, laygr a,@‘dP}Qcpéa%%t@éi%p%@ﬂgh@rthe

plane of the surface of said polymer insulating, separating layer. 40. The
iﬁ%ﬁ%&%&%@#a@%ééﬁﬂﬁﬁﬁﬁl%%§€¥¥mgﬁﬂac%ﬁﬁﬁgtor 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.

29. The inductor of claim 28 wherein the size of said points of
electrical contact having been provided in or on the surface of
said overlaying interconnecting metalization structure is within

the range of approximately 0.3 pm to 50 um.

30. The inductor of claim 28 wherein said passivation layer
comprises a layer within the range of approximately 0.15 to 2.0
pm of Plasma Enhanced CVD (PECVD) oxide over which a layer within
the range of approximately 0.5 to 2.0 pm PECVD nitride is

deposited.

31. The inductor of claim 28 wherein said polymer insulating,
separating layer comprises polyimide or the polymer

benzocyclobutene (BCB).
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using damascene processing procedures. 41. The inductor of claim 28
wherein said inductor is created using methods of photolithographic
exposure and etching. 63 42. A capacitor for high performance integrated
circuits on the surface of a semiconductor substrate, said capacitor

3£omprising 2 ton plate and a hottary plate and a laver ofdielectics 1 ¢,
Interspersed between said top and sal oftom pla e, comprising: a

Sesegnrlg(%nduct r Substrgge,(%jr% 05 OQ}ILIJ‘.I_%}%HQ‘&CG O%\é\lehlch semlconvglut dolerfa tthe range

i8] ayer . S X urin
ewceslha(%/e e%n created, havmg points O% e ectrlcai:contagt provi 0]

Oga&%g%gfﬂgggt%dﬂi&e% (j)n 95(9%@.6 active surface of said substrate; an

overlaying intercornnecting 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

3£0Ntael NojAts ArGoNdHCtive, vigs n e OF Mmoredayeys W.itprpé)in'tgﬁgulating,

electrical contact having been provided in or on the surface of sai

s QVerlaying dntercannecting metalization stuygturg 4atleast; 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

34. The inductor of claim 28 wherein said polymer insulating,
separating layer is subjected to multiple processing steps of

spin on coating and curing.

35. The inductor of claim 28 wherein said points of electrical
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 copper, electroplated silver, electroless gold and

electroless nickel.
36. The inductor of claim 28 whereby said inductor is embedded

in a dielectric and furthermore covered by a layer of

passivation.
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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 64 semiconductor devices in or on the surface of

spaidubstrale, said pains of elecical contadt provided on e surface of 1,y
sald overlaying interconnecting metalization structure belng Ividea Into pairs

d of even and odd numbered adjacent contact points whereby one point of
1? ectﬁlc. . o .
electrical contact can belong to only one pair; a passivation layer deposited
over said overlaying interconnecting metalization structure; openings created
in said layer of passivation, at least one opening overlaying at least one even

3£0Niaet POINL.QL Sald Raints, of glestical eantagthaving besh prgvidad in.or 1o

on the surface of said overlaying interconnecting metalization structure; a

1 Jishlayeyof copductive materia) deppsitad gver,the; syrface; of said layer of o,

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

1 9peping ereated in said, fitst layer0f condyctive, materia) @ ak Jeast one 4

said even numbered points of electrical contact provided in or on the surface
Aﬂ&§@¥bm 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 between the surface of said passivation

layer and the thereover deposited polymer insulating, separating

layer.

39. The inductor of claim 28 wherein said inductor is of a
spiral 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.

40. The inductor of claim 28 wherein said inductor 1s created

using damascene processing procedures.

41. The inductor of claim 28 wherein said inductor 1s created

using methods of photolithographic exposure and etching.
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overlaying interconnecting metalization structure, said first layer of
conductive material forming said bottom plate of said capacitor; a layer of
dielectric deposited 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; 65 an opening in said layer of dielectric to at least one of
said even numbered points of electrical contact, partially exposing at least
nerfcséalidag\i%% Qurpber%dl eggintse off%lgr%trigggcontact, forming said layer of
dielectric mtersperse(? between Said top palate and said bottom plate; a

iri?% eﬁ%‘l@’o? " Of gandyctive, material depasited gver t@%m%‘gwguoé fgkd BYEL ¢ rate,

ectric, including at least one opening created in said layer of dielectric;

s 204 said ton plate atsaid capagitar C{%ﬁtﬁl%ytga%‘?{ﬁmg and elghing sald 4ng 4

second layer of conductive material. 4 e capacitor of claim 42 with

1 20ditionally compuising, oyer. said patterped and.etehed saidlayerofy a4

passivation: an polymer insulating, separating layer deposited over the

pSHHageof said pattgrned and etched layer of passivation, including said
openings created in said layer of passivation; and

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;

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 wvias 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
salid 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
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at least one opening created 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. 44. The
capacitor of claim 42 wherein said passivation layer comprises a layer within

- dhe fonge df approximately Q.05 10 20, 68, of Plgsima Fohaneed YD
TPECVD) oxide over which a fayer within~ the range of approximately 5t !

s UDLPECYD pitide 5, 9%88%'?%%ﬁ?agpeﬁf98x§fﬁ%%°fo%!?'€hé3 %"{Jhre%%é‘e of
said polymer insulating, separating layer comprises polyimide or the polymer

s&%Zg%%gﬁ}p%ggﬁ(gQﬁg-r%%nmec%%%ﬁiﬂ%9 &'%té‘%owhg@%%%p@mgag

Insulating, g layeris of a ess atter curing within the range o

dﬁpllf_’&%’ﬁmﬁeé}é 1Q,10.15Q umy x?'% n 106 £apagiton ahelaimydd yherein.said ¢ o o+

polymer insulating, separating layer is spin-on coated and cured. 48. A

pdesIStor forhigh pegiormance, integrated ciruits.an e, syrface 9fape1ong to

semiconductor substrate, comprising: a semiconductor substrate, in or on the
orsufagg of which. semiconductor devices have been created, having points of
electrical contact provided to said semiconductor devices in or

a passivation layer deposited over said overlaying
interconnecting metalization structure;

openings created in said layer of passivation, at least one
opening overlaying at least one even contact point of said points
of electrical contact having been provided in or on the surface
of said overlaying interconnecting metalization structure;

a first layer of conductive material deposited over the
surface of said layer of passivation, including said openings
created in said layer of passivation;

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

a layer of dielectric deposited 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;
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on the active surface of said substrate; an overlaying interconnecting
metalization structure comprising one or more layers of interconnects over
the active surface of said substrate, said layers of interconnects 67
comprising conductive interconnect lines or conductive contact points or

conductive vias in on%o more Ie(%er ,iw'hth goin.ts OLoelchtriEael contacteha(\)/itn

g _.
a%e%%ep%\r/ﬁearlln oron thé $urface of said o&é:rjracylng interconnec inogn said

metalization structure, at least e of said points of electrical contact making .
nfhlegst oNEQ POINLS oL e ¢oniq g t
evc_:%rr]]tanclf%il)t%ra?t Iepagtl ong o?sal%l c%%dlrjcl:ﬁ\?e m%é)rrcl:oﬁﬁeétl %]é olrasa‘i:Ldy SxpEsing a

1&999”8@"&8%(%‘@%&%9@ Q9 said sanduct Si"ﬂl%ssp%? ided.in, $3Id ON€ O ¢ 50t ,

more layer said overlaying interconnecting metalization structure, at least

£ SAR:9lsad metal lines Oééa!udi&’é‘&a&%PBinE%%§§§e%°£‘9&°ﬂ\éet%j§§r{n%‘é{%% top

contact with at least one of said points of electrical contact provided to sali

D lsgggc%r;gycggriq]p\@%e&i&prﬁrht@g;surface of said substrate; a passivation

layer deposited over said overlaying interconnecting metalization structure;

openingsLreaiediin paid layer ghpassivaiony at least gy Qi said-apenings: the

overlaying at least one pair of points of electrical contact having been
sProvided ixthesuface of said Qyerlayingntercannecting meetalizations  one
opening created in said layer of dielectric; and

said top plate of said capacitor created by patterning and

etching said second layer of conductive material.

43. The capacitor of claim 42 with additionally comprising, over
said patterned and etched said layer of passivation:

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

at least one opening created 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.

44, The capacitor of claim 42 wherein said passivation layer

comprises a layer within the range of approximately 0.15 to 2.0
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a layer of resistive conducting material deposited over the surface of said
layer of passivation, including said openings created in said layer of
passivation; and a layer of conductive material that interconnects at least
one pair of said openings created in said layer of passivation, creating said

fem,S e, The esisor ol lam AR erell seld passivalaibaver oy v i enin

u 6.ox%
comprises a layer w e ralige o Ximately um o ma

Eiihaiiced CVD (PECVD) oxide,ov ich alayer wit Cté} raiige of .
e Ty B P s 2 otk e She ie

d%@ E%g%rmaiice iiitegrated circuits oii the surface of a semicoiiductor

substrate, comprisiiig: 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

4 Saidrgubstrate; aiioverlayiiig,iiitercajiiectiig metalizatioji gtryciiire. comnrisiig;
oiie or more layers of iiitercoiiiiects over the active surface of said substrate,

s Spiflayers 0hillercOilisets  cQPrigiig FOHAULIVE lilterLoiiieatlijes or -
coiiductive coiitact poiiits or coiiductive vias iii oiie or more layers, with poiiits

béﬁzocyclobutene (BCB) .

46. The capacitor of claim 43 wherein said polymer insulating,
separating layer is of a thickness after curing within the range

of approximately 1.0 to 150 um.

47. The capacitor of claim 43 wherein said polymer insulating,

separating layer is spin-on coated and cured.

48. A resistor for high performance integrated circuits on the
surface of a semiconductor substrate, comprising:

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;

an overlaying interconnecting metalization structure
comprising one or more layers of interconnects over the active

surface of said substrate, said layers of interconnects
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electrical coiitact haviiig beeii provided iii or oii the surface of said overlayiiig
liitercoiiiiectiiig metalizatioii structure, at least oiie of said poiiits of electrical
coiitact makiiig coiitact with at least oiie of said coiiductive iiitercoiiiiect liiies
or said coiiductive coiitact poiiits or said coiiductive vias provided iii said oiie
or mare.layers ofgai overla]yiiitq iiitercoiiiie%tiip metalizatioii sguctcure, at

c?q§€131n§ condu $ve n erﬁgpne% ines or ﬁ?n ﬂ§ %Ve contact
east oile of said metal Tiies or said 69 contact points or said conductive vias

makcing contact &vith at_least.one of said points of elecirical contact %ovided
p?ln Sy Or COD(FCtl%f vias 1n one or Pore a%Frif witn polnts of
0 said semiconductor devices In or on the surface of said substrate; a

o Passlvalion layey de 893%%%%%%3%% HVSE%%E‘%QFG{ o %’]ie cing {H%targ 6%%0& e of

structure; openings create ayer of passivation, at least two of sal

sPP§ ”H\Qéﬂ"%ﬁ'?%lﬁ 9;3ndpartially, expsing at least ope JpalL 928@?’&&%“, at least

electrical contact having been provided'in the surface of said overlaying

odiersonnecting metalization SCture;. 2 polymer insulating, separatingayef ey o

deposited over the surface of said patterned and etched layer of passivation,

1dncludigg saigkopenings. greated in,said;laysr of passivaiion.. at leastgne pair

of openings in said polymer insulating, separating layer that aligns with at
c&ﬁﬁﬂé%@dgﬂ%gh%%%ﬁn$%ints or said conductive vias provided in

salid 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;

a passivation layer deposited over said overlaying
interconnecting metalization structure;

openings created in said layer of passivation, at least two
of said openings overlaying at least one pair of points of
electrical contact having been provided in the surface of said
overlaying interconnecting metalization;

a layer of resistive conducting material deposited over the
surface of said layer of passivation, including said openings
created in said layer of passivation; and

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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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; a layer of conductive
material deposited over the surface of said polymer insulating, separating

s Javepfneluding said openings .gregted jn.said polymet insulating, separafing, .
ayer, and 703 layer o resistive coiduc lig material thak fliterconiiects’ a

least oiie pair of said opeijiugs cr ated iii said layer of lpassiva ioii, cr at'ii' 5
e e e ey e et AL P18 o 2.0

pﬁoﬁpfiﬁfdgé%\n}%y%g'tﬁ@ the cajige ARAPIAIEN b 10 s M ORI wienin

Eiihaiice VD) oxide over which a layer withiii the raiige of

t}?@PE%?ﬂg‘ét%Bf 0219-2.0:4MEEGVD Idtrds is denasited =2, The repigton of

claim 50 whereiii said polymer iiisulatiiig, separatiiig layer comprises a

adolymerdielectric comprises polyimide or the polymer beiizocyclobuteiie

(BCB). 53. The resistor of claim 50 whereiii said polymer iiisulatiiig,

separatiiig layer is of a thickiiess after curiiig withiii the raiige of

approximately 1.0 to 150 um. 54. The resistor of claim 50 whereiii said
5Polyneriliswatiig, £ o high performance integrated circuits on the
surface of a semiconductor substrate, comprising:

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;

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 wvias in one or more layers, with points of
electrical contact having been provided in or on the surface of
salid 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
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separatiiig layer is spiii-oii coated aiid cured. 55. The resistor of claim 50
whereiii said polymer iiisulatiiig, separatiiig layer is subjected to multiple
processiiig steps of spiii oii coatiiig aiid curiiig. 71 56. A discrete electrical
component above the surface of a semiconductor substrate, comprising: a
sejtnic%nductor substrate, .in, or on&he surface of whic semicono[yctqcr :
ac 01q§s or sgl conductlive ;v1as Ina 1Q% contac %1th at
evices have been created, having points of électrical contact provided to
1ég'sdﬁs%m'ec%%'“%%’{ge%‘é'&%%#‘s °|rof°r.‘etfee%a§%'¥ 8asi‘rfé‘c‘%%@éé%%%“obé{@é%i b said
overlaying interconnecting metalization structure  comprising one or more
sdfets ghinRiepnageipuer e Beive, spiiace of saidsubstiale, sald laYeis, e
of interconnects comprising conductive interconnect lines or conductive

contact paiats. or,conduetive. yiag n, oneof naredayers, Wit points of ,

electrical contact having been provided in or on the surface of said

1.Qvetlayngduterconnecting metalization stryciyye at least one of said points

of electrical contact making contact with at least one of said conductive
intercananech ines-0lsaid Lconductive contact paints,arsaig LONGHCIVEVias 2 s+ two
provided in said one or more layers of said overlaying interconnecting

ofn@gﬂéﬂgﬁéﬁﬂﬂé%“%@é%ﬁ@&@ﬂ%0£§Qd§3§%ﬁﬁﬂ@%oé§§9sing at least one

Cco

pair of points of electrical contact having been provided in the
surface of said overlaying interconnecting metalization
structure;

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

a layer of conductive material deposited over the surface of
said polymer insulating, separating layer including said openings

created in said polymer insulating, separating layer; and
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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; a passivation layer deposited over said
overlaying interconnecting metalization structure; 72 openings created in
said E‘Y?ra of pa%s%vatloni ageast two 0%1; gglidno enings ov%rl%n at least

t
er re 1lve con L inferconnects
one pailr ofypomts of ersectsrlcaYcontact aving neen prowaed In ﬁ1e surface o

 $24, overiaying Interconpecting metaleation stcture. providing gt Jeast ong;
pair of points of ‘electrical contact In sal er of passivation; an polymer

o glréssuil@t'ncgi ggparcagi&gég}(l %eyo(;itgg Qi’%&h?. surface of said patterned and

etched layer of passivation, Including said openings created in said layer of
passivation; at least one pair of openings created in said polymer insulating,
separating layer that aligns with at least one pair of points of electrical

5 £ontaet pravided in sajd layer of RassivalipD; 4 '%ydef&fﬁ%gg%“@i%‘ﬁt% B er

selectively deposited over the surface of at least one pair of points o
c&igsatrical coptact  providedyn said,layer, gtpassivalion, filing $aich QPeNIAGS +o 2 . o
created in said polymer insulating, separating layer, creating
pm of Plasma Enhanced CVD (PECVD) oxide over which a layer within
the range of approximately 0.5 to 2.0 pm PECVD nitride is

deposited.

52. The resistor of claim 50 wherein said polymer insulating,
separating layer comprises a polymer dielectric comprises

polyimide or the polymer benzocyclobutene (BCB).

53. The resistor of claim 50 wherein said polymer insulating,
separating layer is of a thickness after curing within the range

of approximately 1.0 to 150 pum.

54. The resistor of claim 50 wherein said polymer insulating,

separating layer is spin-on coated and cured.

55. The resistor of claim 50 wherein said polymer insulating,
separating layer is subjected to multiple processing steps of

spin on coating and curing.
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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; a layer of solder selectively created
over the surface of said conductive plugs; 73 said discrete electrical

s on}lpo(jtligisi’t ok itéoiie aCbFo%/ecaiifi ii O%Il?(i)irmeeri&wgg sgéd %ggctéverl% crceat%c% R
ayer of so der such that electrical Gofitact poiiits of Said diScrete efectrica
com&aoiigﬂtc%licgjifi Witl})%%ig steleectigglﬁ( created layer of solder; aiid said

Ses%f‘ec?lr\}ely create?ﬁayer of solder o%vreldS lcrrlega'tiiig solder balls coiiiiectiiig

said disgrete gleelical spmpoigiit wirh, said, caiid é‘H"_%}%”géJﬂ%Q}?e?%%mx%ich

liisulatiiig, separatiiig layer, thereby coiiiiectiiig said discrete electrica

s SRMRQUSIL with 3;pair of ROWLSaf glectiical, califact il ﬁ%igi'%erﬁo ints of

passivatioii. 57. The discrete electrical compoiieiit of claim 56 whereiii said

o PaSBivalgii laysh eQmprises g layey withil theyraligs of .approximatglyf.1a0 i o
2.0 um of Plasma Eiihaiiced CVD (PECVD) oxide over which a layer withiii

orhe rligeefappraximately 0.3 120y um, BEGMIR diitride is deposited.

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
salid 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;

a passivation layer deposited over said overlaying

interconnecting metalization structure;
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58. The discrete electrical compoiieiit of claim 56 whereiii said polymer
liisulatiiig, separatiiig layer comprises polyimide or the polymer
beiizocyclobuteiie (BCB). 74 59. The discrete electrical compoiieiit of claim 56
whereiii said polymer iiisulatiiig, separatiiig layer is of a thickiiess after curiiig
withii(i)theenrflii%e o(f: %ggrtoxgn@ﬁlys %.O dto 1a5061%mb%O. EQ% QQ}S&GtSne'e%tQCﬁ'e
comp&fieut otClaim 56 whereéiil said- pojraner liisulatiig, separa]tmg’layer IS
o £Pilkgliconted aild cured. .61, The discrate slectrical compoiisilt of dlaim 50
wherelii said porllﬁ'ner ilisulaﬁﬁ]g, s%paratnigalayer IS suBJectedpto t]?luﬁlp e
Sjiig, st iii,0ii_coatjiig aiid curiiig, .62. The di te electrical :
e%%%%ijﬁg%ofgggﬁ%ég wlﬁ(L,\‘rpta%iIl?&?lsaldg %%scggt%%e]lézgtﬁcépcsrﬁgoiFe%f%gse e(?tgd said

oJ10m 2.group comprisilig, a tesistor, a capasitr aiid alidjductor, 63. Adisargie a¢
electrical compolielit motuited above the surface of a semicoiiductor

1 Subetrale, comprisijg: g seucoiighiclol subsale, Lok QLIe SUTALO! 1ayer of
which semicoiiductor devices have beeii created, haviiig poiiits of electrical

o £0litact prqyided to said semicoiiductor devices iii or oii the active surface of
said substrate; aii overlayiiig iiitercoiiiiectiiig metalizatioii structure comprisiiig
<ﬂ@<&ﬂ“@@ﬂ9ﬂ%§fﬁﬁgﬁﬁéﬁw%§§oygkﬁ¥5%¥W§ layer deposited over the

ast two

surface of said patterned and etched layer of passivation,
including said openings created in said layer of passivation;

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

a layer of conductive material selectively deposited 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;

a layer of solder selectively created over the surface of

said conductive plugs;
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surface of said substrate, said layers of iiitercoiiiiects 75 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 .ope of said Pointﬁ of glectri | contact ma{dn cor]Ctact wi a% least .

%al dlﬁfr?.e.e eC rlc? compongn 0S.1 1on% above ‘and in
one of said conductive interconnect lines or said conductive contact points or

a SR gonductive vias provided n .5a/d ppe o1 mors Jayers.of said guetaying, .,
mt%rconnectlng metaﬁzatlon structure, t?eas? one o slc/udrmetal ines or said

t}%’é’@t%ci_é’é?j{‘]!fsl eE]?é said conauctiye, vigs making %98‘%% Wit aée'e%%?e%% OLa1

sald points of electrical contact provided to said semiconductor devices in or

c RbgShurface of sajd sypstrare; a;passiyation lgyer deposted ayer saifl 51 gey;

overlaying interconnecting metalization structure; openings created in said
a@yer of passivation, at least two of said openings overlaying at least one pair
of points of electrical contact having been provided in the surface of said

overlaying interconnecting metalization siruciurg «prayidiag ak 18a3l PNeRAIL + 5 ng

of points of electrical contact in said layer of passivation; a layer of solder
S§@33¥V%kaﬁx§gﬁqg¥%ﬁg§Eggﬁﬁedyscrete 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.

57. The discrete electrical component of claim 56 wherein said
passivation layer comprises a layer within the range of
approximately 0.15 to 2.0 pm of Plasma Enhanced CVD (PECVD) oxide
over which a layer within the range of approximately 0.5 to 2.0

pm PECVD nitride is deposited.
58. The discrete electrical component of claim 56 wherein said

polymer insulating, separating layer comprises polyimide or the

polymer benzocyclobutene (BCB).
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at least one pair of points of electrical contact in said layer of passivation; 76
said discrete electrical compoiieiit positioiied above aiid aligiied with said
selectively deposited layer of solder such that electrical coiitact poiiits of said
discrete electrical compoiieiit aligii with said selectively deposited layer of

5 $Older aid said Iayer.ofselectively deposited soldar flopag, creatiig, solder ., 4
alls couuec?mg said discrete efec rlca?cgmpouellt with™ &t feast oiié pair of

iiits of electr?ajccoiitact iii said | yer o{ Qassivatioii. 94. TQ% diﬁ(Crete
p&?gmer insula. ll’lg, S.re_r}ID8§a l’lg }/c?r 1S. O a 1Cknéss after
electrical compoiieilt of clai whereiii said passivatioil layer comprises a

ayer i;ﬂ'i' e raji o]ff (o] ig1 0 02,0, lo_f I ma jihaiiced
CLLC\}D%;’ECJ%/D no?(tlig’e% ovaeréz/%iéh aa% er?/%}l?hu?t ee %gedgf%%proﬁmnytely 0.5
to 2.0 um PECVD iiitride is deposited. 65. The discrete electrical compoiieiit

of claim 63 whereiii said discrete electrical compoiieiit is selected from a

6@ro4Rp Compusiig. a resistor, a capaciigr.aiid g diiduetor; 66, Thg methed 1£lfl said

claim 1 whereiii said iiiductor is created overlyiiig the surface of a layer o

péﬁ?ﬁ@?ﬁqmg@fgﬁﬁﬂglb¥@ﬁé¥§@bﬂ@em§§@9"§@'spin—on coated and cured.

61. The discrete electrical component of claim 56 wherein said
polymer insulating, separating layer is subjected to multiple

processing steps of spin on coating and curing.

62. The discrete electrical component of claim 56 wherein said
discrete electrical component is selected from a group comprising

a resistor, a capacitor and an inductor.

63. A discrete electrical component mounted above the surface
of a semiconductor substrate, comprising:

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;

an overlaying interconnecting metalization structure
comprising one or more layers of interconnects over the active

surface of said substrate, said layers of interconnects
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77 67. 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. 68. The method of claim 1 wherein said inductor is a solenoid
structure overlying a layer of passivation whereby no layer of polymer is

Spplied. .69, The method of dlaim. L1 wherein ai%%‘s"yé“er nsualing, . contact

segarasungqayer |stam|na?edl8ry film, 70" %e method of claim 15 wherein

p el Rolymer nsylating, separating layer is Jaminated dry fim, 74,706 oo o
method of claim 21 wherein said solder ball is created }, eFectroplla%ln )

ef%%cé@i%sa%hp'égﬁ%asééegl%%ﬂ' g %‘E%%H‘“Qﬂ%ﬁ'&%”’c%@o‘%%%ace of

claim 21 wherein said polymer insulating, separating layer is laminate

sJU- £3-1he indigtor of claim 28 wherein said palymer insulating,, Separating 1 o 55+

layer is laminated dry film. 78 74. The inductor of claim 28 wherein said

odRdugtoris of a, selepoid design apd i$. created on the syifag OEE%iQaQS’éylrmrth at

insulating, separating layer, said solenoid comprising two patterned meta

lé@ggs8%8V%Qw@%PE”@@&B@E%@H@M§W%éQCOHHect lines or said

conductive contact points or said conductive vias provided in
salid 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;

a passivation layer deposited over said overlaying
interconnecting metalization structure;

openings created in said layer of passivation, at least two
of said openings overlaying at least one pair of points of
electrical contact having been provided in the surface of said
overlaying interconnecting metalization structure, providing at
least one pair of points of electrical contact in said layer of
passivation;

a layer of solder selectively deposited over the surface of
at least one pair of points of electrical contact in said layer

of passivation;
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the plane of the surface of said polymer insulating, separating layer, said
patterned metal layers being connected by vias, whereby said layer of
polymer is deposited over the surface of a layer of passivation. 75. The
inductor of claim 28 wherein said inductor is of a solenoid design and is

created op the surfage of said palymer Insulating, separating laver, Said . g
erned meta eriyl at are

solen0|dlcompr|smg wo pat yersino ng planes
arallel to .the plane of the surface of said polymer, insulating, separatin
S el it 3 e At U e ol SRR

t %ﬁaere polymer is d@&%?ﬁ%%dco rthe surfacg of & -y§£P£98'y%”ﬂi$§trical
a f

whereby said layer of polyimide is deposited over the surface of a layer o

cRassiyatien-A6: Je, Gapaciiar gf claim 43 wherein;said polymeninsulatng, .1 ger;
separating layeris laminated dry film. 77. The resistor of claim 50 wherein
a53id polymer insulating, separating layer is laminated dry film. 79 78. The

discrete electrical compoiieiit of claim 56 whereiii said polymer iiisulatiiig,

sepataliiig layeyds lamiliateddry film; /9 dhemethed of laim EWihdhe creating

additioii of oiie or more layers of coiiductive material overlyiiig said

sPBgsivatigii layer Qver adhickiiess: of betweell about 1.000:aligh5Q,08Q onent with
Poigstrom aiid

at least one pair of points of electrical contact in said layer

of passivation.

64. The discrete electrical component of claim 63 wherein said
passivation layer comprises a layer within the range of
approximately 0.15 to 2.0 pm of Plasma Enhanced CVD (PECVD) oxide
over which a layer within the range of approximately 0.5 to 2.0

pm PECVD nitride is deposited.

65. The discrete electrical component of claim 63 wherein said
discrete electrical component is selected from a group comprising

a resistor, a capacitor and an inductor.
66. 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.
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over a surface area that is about the surface area over which said iiiductor
overlays said polymer iiisulatiiig, separatiiig layer, iiiterspersiiig said oiie or
more layers of coiiductive material betweeii the surface of said passivatioii
layer aild the thereover deposited polymer iiisulatiiig, separatiiig layer. 80.

67 .h%%‘gthn?gﬁ?ﬁo%a'g‘fl gﬁhae{e"'fa&%%'gé‘ﬂ?r s a toroidal desigitandis_ ;g
cieated oll the surface of Said polymer |||sulaﬁ||g, separaﬁug ayer. 1. 5he
iiiductor of claim %8 with the f\dditioii o% oiie pr.mare layers of coiiductive

Strﬁfélt%ﬁléfgve%ﬁf@ Jaid passivatioii layer po(\)/e?/getﬁi’ckﬁé;lscgf ae%vev]éef?%b‘éﬁtl ymer

O\;.&gQé%%SQ,OP%}%%g%tEOE agg ‘gg%r.l%égrface area that is about the

surfale area over'which said jilductor overlays said polymer iiisulatiiig,
separatiiig layer, iiiterspersiiig said oiie or more layers of coiiductive material
betweeii the surface of said passivatioii layer aild the thereover deposited

sPOlymer Hisulatilig, separafiig 1ayer, 80,82, The dndudior oficlaim 28 whereiny, o ;

said inductor is a toroidal coil and is created on the surface of said polymer

sinsulating, separating laver.,83, Jhegpetnoduatclaim, 1 wheseinsaid nduetor, ¢

is a toroidal coil structure overlying a layer of polymer, said layer of polymer
p OVEH¥IRg aslaygr.of; passivation.

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

separating layer is laminated dry film.

70. The method of claim 15 wherein said polymer insulating,

separating layer is laminated dry film.
71. The method of claim 21 wherein said solder ball is created by
electroplating, electroless plating, screen printing, and ball

mounting.

72. The method of claim 21 wherein said polymer insulating,

separating layer is laminated dry film.

73. The inductor of claim 28 wherein said polymer insulating,

separating layer is laminated dry film.
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84. The method of claim 1 wherein said inductor is a toroidal coil overlying a
layer of passivation whereby no layer of polymer is applied. 85. The inductor
of claim 28 wherein said inductor is a toroidal coil and is created on the
surface of said polymer insulating, separating layer, whereby said layer of

olymer is deposited over the surface of a layer of passivation. 86. The
G of LAt 28 ierein 2ol ot 1 ot Aar co A8 & dremtodn

s& %%F‘Ef%‘:%gfsﬁa'g pol ?L%'“?ﬁ'é’ﬂ‘éﬁ@ 4 S§harating la efra‘%"eheé%byﬁ%al'gb'a oelr.émer
of polymeris de%o& ed over lthe surface of a layer of polymer, whereby sai

1 JYEr Af RRJymeL 5. depasited over the surface,aha layes of Ragsiyaton, 81,

patterned metal layers in overlying planes that are parallel to

the plane of the surface of said polymer insulating, separating

layer, said patterned metal layers being connected by vias,

whereby said layer of polymer is deposited over the surface of a

layer of passivation.

75. The inductor of claim 28 wherein said inductor is of a
solenoid design and is created on the surface of said polymer
insulating, separating layer, said solenoid comprising two
patterned metal layers in overlying planes that are parallel to
the plane of the surface of said polymer insulating, separating
layer, said patterned metal layers being connected by vias,
whereby said layer of polymer is deposited over the surface of a
layer of polyimide, whereby said layer of polyimide is deposited

over the surface of a layer of passivation.

76. The capacitor of claim 43 wherein said polymer insulating,

separating layer is laminated dry film.

77. The resistor of claim 50 wherein said polymer insulating,

separating layer is laminated dry film.
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78. The discrete electrical component of claim 56 wherein said

polymer insulating, separating layer is laminated dry film.

79. 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.

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

separating layer.

81l. The inductor of claim 28 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.
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82. The inductor of claim 28 wherein said inductor is a toroidal
coil and is created on the surface of said polymer insulating,

separating layer.

83. 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.

84. The method of claim 1 wherein said inductor is a toroidal
coil overlying a layer of passivation whereby no layer of polymer

is applied.

85. The inductor of claim 28 wherein said inductor is a toroidal
coil and is created on the surface of said polymer insulating,
separating layer, whereby said layer of polymer is deposited over

the surface of a layer of passivation.

86. The inductor of claim 28 wherein said inductor is a toroidal
coil and is created on the surface of said polymer insulating,
separating layer, whereby said layer of polymer is deposited
over lthe surface of a layer of polymer, whereby said layer of

polymer is deposited over the surface of a layer of passivation.
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